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LETTER  OF  SUBMITTAL. 


U.  S.  Department  of  Agriculture, 

Washington,  D.  C,  January  29,  1896. 

Sir:  I  have  the  honor  to  submit  the  accompanying  bulletin  on  Arbor 
Day,  prepared  by  your  direction. 

Its  aim  is  to  give  an  authentic  account  of  the  origin,  history,  and 
uses  of  the  day — now  observed  throughout  our  country  and  also  in 
other  lands — which  has  been  regarded  with  interest  by  the  Department 
ever  since  its  observance  began,  and  to  offer  such  suggestions  and  helps 
as  may  serve  to  increase  its  usefulness. 

It  is  impossible  to  sketch  the  history  of  Arbor  Day  in  even  the  brief- 
est manner  without  frequent  reference  to  the  present  Secretary  of  the 
Department,  with  whom  the  day  is  so  intimately  connected.  If  the 
writer  of  this  bulletin  had  felt  at  liberty  to  disregard  the  restraints 
imposed  by  the  official  character  of  the  work,  a  much  more  frequent 
mention  of  Mr.  Morton's  name  would  have  been  the  result. 

Some  of  the  illustratioiiS  in  the  bulletin,  especially  those  of  leaves, 
are  from  Ai)gar's  Trees  of  the  Northern  United  States,  copyright,  1892, 
by  the  American  Book  Company,  to  whom  thanks  are  due  for  permis- 
sion t-o  use  them,  it  having  been  found  impracticable  to  prepare  original 
figures  of  this  character  without  delaying  the  bulletin  until  after  the 
arrival  of  the  time  set  apart  in  many  States  for  the  observance  of  Arbor 
Day.     Similar  thanks  are  due  to  others  also  for  like  favors. 

I  take  occasion  here  also  to  thank  the  superintendents  of  public 
instruction  and  others  who  have  so  readily  and  courteously  responded 
to  my  invitation  and  rendered  aid,  by  suggestion  or  otherwise,  in  the 
preparation  of  this  publication.  Wherever  material  from  such  or  other 
sources  has  been  incorporated  in  these  pages  I  have  endeavored  to  give 
credit  to  the  respective  authors.  For  the  rest  the  writer  is  responsible. 
Ile8i)ectfully, 

N.  H.  Egleston. 

Hon.  Chas.  W.  Dabney,  Jr., 

Assistant  Secretary, 
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INTRODUCTION. 


Arbor  Day,  from  being  only  a  humble  expedient  of  one  of  our 
Western  States  a  few  years  ago,  has  become  a  national  holiday  and  one 
of  our  important  institutions.  Its  origiinil  design  has  been  modified 
since  its  observance  has  become  associated  with  our  schools.  It  is  now 
not  only  a  day  for  tree  planting  for  economic  and  {esthetic  purposes,  but 
its  observance  has  been  made  the  means  of  securing  much  valuable 
knowledge  in  regard  to  jjlant  and  tree  life,  of  cultivating  in  the  young 
the  powers  of  observation,  and  kindling  in  their  minds  an  interest  in 
natural  objects  which  will  be  a  lifelong  source  of  benefit  and  pleasure. 

Is  it  too  much  to  hope,  also,  that  this  Arbor  Day  festival,  engaging 
our  children  in  its  observance  so  generally  and  so  pleasantly  with  songs, 
recitations,  and  the  planting  of  trees  and  shrubs  around  the  school- 
houses  and  along  the  streets  or  in  public  parks  and  other  places,  may 
have  the  effect  of  developing  in  coming  generations  a  keener  apprecia- 
tion of  the  value  and  the  beauty  of  trees  than  has  hitherto  been  felt  in 
our  country,  and  that  thus  the  reckless  destruction  of  our  forests,  now 
going  on  with  such  threatening  consequen(;es,  may  be  arrested  before 
the  calamities  are  upon  us  which  have  befallen  other  countries  through 
the  loss  of  their  trees? 
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COMMERCIAL  VALUE  OF  TREES. 

Arbor  Day  has  its  abundant  justification  in  the 
surpassing  vahie  of  trees  from  whatever  point  of 
view  they  are  considered.  Their  beauty  is  felt 
by  all.  Nothing  contributes  so  much  to  make  the 
world  a  i^leasant  place  of  abode  for  man.  Just 
as  anyone  has  the  true  home  feeling  and  seeks 
to  create  a  home  for  himself,  he  seeks  the  trees 
as  being  an  indispensable  .aid  in  the  accom- 
plishment of  his  ])urj)ose.  He  must  have  the 
trees  around  his  dwelling  place.  He  must  have 
their  shelter  and  their  shade,  their  beauty  of 
form,  of  leaf,  and  blossom,  and  fruit,  tlieir  ever- 
varying  aspect  with  every  change  of  earth  and 
sky,  of  sunshine  and  cloud.  In  short,  he  must 
have  their  companionship  in  his  daily  life.  But 
looked  at  apart  from  all  such  feeling  and  senti- 
ment, looked  at  not  in  their  living  but  in  their 
dead  state,  looked  at  as  mere  lumber  or  material  for  man's  constructive 
pur])oses,  for  the  thousand  uses  of  daily  life,  the  trees  have  an  almost 
incomparable  value.  Estimated  by  their  money  value  alone  the  prod- 
ucts of  the  forest  exceed  those  from  almost  any  otlier  source. 

We  speak  of  tlie  ^'precious  metals,"  gold  and  silver;  and  they  are  so 
])recious  in  the  esteem  of  most  persons  that  multitudes  are  ready  to 
forsake  all  other  occupations  and  rush  in  pursuit  of  them  wherever 
they  may  be  found  or  there  is  even  a  faint  hoi)e  of  finding  them.  Now 
we  give  to  the  hunters  of  these  precious  metals  special  privileges  in 
the  prosecution  of  their  quest  such  as  are  not  given  to  i)eople  engaged 
in  other  employments.  It  would  seem  that  the  mining  of  gold  and  sil- 
ver is  the  most  important  interest  of  the  country.  It  certainly  holds  a 
very  prominent  position  in  the  x>ublic  estimation. 

But  the  last  report  of  the  Director  of  the  Mint  gives  the  value  of  the 
product  of  the  gold  and  silver  mines  of  the  United  States  for  the  year 
1S94  as  follows:  Gold,$39,r)0(),(K)();  silver,  $3  l,42l>,()()0;  total,  $70,1)22,0(10. 
At  the  same  time,  the  most  re(;ent  and  careful  estimates  of  the  valne  of 
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the  products  of  our  forests  during  the  same  year  make  it  $1,058,650,859, 
or  fifteen  times  that  of  gold  and  silver. 

Another  comparison  is  very  significant.  If  we  add  to  the  gold  and 
silver  products  that  of  all  other  minerals,  including  such  prominent 
ones  as  iron,  copper,  lead,  zinc,  coal,  lime,  natural  gas,  petroleum,  salt, 
slate,  building  stones,  and  the  twenty-five  or  more  remaining,  which 
are  less  important,  we  shall  have  for  the  value  of  all  our  mineral  prod- 
ucts obtained  during  the  year  1894,  $553,352,996,  or  only  about  one-half 
the  value  of  our  forest  products. 

Again,  we  may  make  a  comparison  in  a  different  direction  and  with 
no  less  striking  results.  The  statistical  report  of  the  Department  of 
Agriculture  gives  the  value  of  our  cereal  crops  for  the  year  1894  as 
follows : 

Wheat $225,902,025 

Corn 554,719,162 

Oats 214,816,920 

Rye 13,395,476 

Barley 27,134,127 

Buckwheat 7, 040, 238 

Total , 1,043,007,948 

or  less  by  $15,000,000  than  our  one  forest  crop. 

Is  it  not  worth  our  while,  therefore,  to  perpetuate  if  possible  such 
a  crop,  and  to  guard  against  anything  which  threatens  to  diminish  it? 
Ought  we  not,  by  every  means  within  our  control,  to  see  that  the 
source  of  this  most  valuable  supply  is  not  lessened  in  its  capability  of 
yielding  such  a  preeminently  valuable  contribution  to  our  welfare  and 
comfort? 

The  need  of  tree  planting,  looked  at  in  the  wide  view,  results  from 
the  fact  that  we  have  been  and  are  depleting  our  forest  area  at  an 
unreasonable  rate.  The  spread  of  population  into  the  great  treeless 
plains  beyond  the  Mississippi  has  made  a  largely  increased  demand 
for  lumber,  and  in  response  to  that  demand  we  have  been  for  years 
consuming  our  forests  at  a  rate  far  beyond  the  supply  furnished  by 
their  annual  growth.  The  best  estimates  make  the  annual  consump- 
tion of  our  forests,  for  fuel  and  lumber  chiefly,  25,000,000,000  cubic 
feet.  To  furnish  this  amount  would  require  the  produce  of  the  annual 
growth  of  1,200,000,000  acres  of  woodland,  whereas  our  total  forest 
area  is  less  than  500,000,000  acres,  which  is  no  more  than  we  need  as 
a  permanent  stock  of  woodland  for  the  country.  It  will  be  seen,  then, 
that  more  than  half  of  our  annual  consumption  is  a  draft  by  so  much 
ui)on  our  forest  cai>ital,  when  we  should  be  only  drawing  from  the 
forests  the  amount  of  their  annual  growth,  or  the  interest  of  that  capi- 
tal. How  long  would  it  take  a  millionaire  to  become  a  bankrupt  if  he 
should  be  annually  trenching  upon  his  money  capital  at  a  like  rate? 

Few  persons  realize  the  enormous  and  often  wasteful — that  is,  un- 
necessary— consumption  of  our  forests.     That  consumption  amounts 
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to  350  cubic  feet  per  capita,  as  against  12  to  14  cubic  feet  per  capita  in 
Great  Britain  and  about  40  cubic  feet  in  Germany. 

Some  specifications  may  help  us  to  apprehend  the  situation.  Our 
railroads  consume,  on  an  average,  annually  for  their  construction 
500,000,000  cubic  feet  of  our  very  best  timber.  Our  mines  use  for 
internal  props  and  for  the  reduction  of  their  ores  immense  amounts. 
One  mine  may  be  taken  as  an  illustration.  The  Anaconda  Mining 
Company,  of  Montana — well  named  Anaconda,  in  view  of  its  enormous 
capacity  for  swallowing  the  forests  whole,  as  it  were — made  a  state- 
ment four  years  ago,  now  on  tile  in  one  of  the  Departments  of  the  Gov- 
ernment, from  which  it  appears  that  during  a  period  of  six  months  it 
consumed  05,000  cords  of  wood  and  18,500,000  feet  of  lumber.  At  the 
same  time  the  company  stated  that  its  daily  consuniption  hereafter 
would  be,  wood  700  cords,  lumber  100,000  feet,  and  its  consumption 
for  the  year  1892  would  be,  wood  255,000  cords,  lumber  40,000,000  feet. 
This  lumber  is  mostly  in  the  form  of  timber  used  as  mine  i)rops. 

Most  of  the  wood  and  timber  used  by  this  and  other  mines  in  the 
Rocky  Mountain  and  other  western  regions  is  cut  from  the  jiublic 
lands.  Such  is  the  indulgence  shown  by  the  Government  that  those 
engaged  in  mining  or  even  prospecting  for  mines  are  allowed  to  cut 
and  consume  the  timber  on  the  public  lands  free  of  cost  and  with  only 
such  restrictions  as  may  be  made  by  the  Secretary  of  the  Interior. 
These  restrictions  are  not  close  or  narrow  in  character,  and  are  easily 
evaded  if  not  absolutely  ignored,  and  so  are  to  a  great  extent  prac- 
tically inoperative.  The  scanty  approi)riations  of  Congress  do  not 
allow  the  Secretary  of  the  Interior  to  retain  a  sufficient  number  of 
inspectors  to  watch  the  immense  extent  of  territory  occupied  by  the 
forests  and  take  notice  of  the  depredations  which  may  be  made  upon 
them,  and  even  when  depredations  are  occasionally  discovered  it  is 
very  dilficult  to  secure  a  conviction  and  inflict  the  penalty  prescribed 
for  the  oftense. 

To  show  the  extent  of  these  depredations  and  the  scale  on  which  the 
forests  are  consumed,  may  be  instanced  the  case  of  one  mining  company 
in  Dakota  against  which  the  Government  has  brought  suit  for  the  sum 
of  $088,000,  this  being  the  alleged  value  of  the  trees  cut  less  than  8 
inches  in  diameter,  which  restriction  had  been  placed  upon  the  permit 
to  cut.  What  must  have  been  the  number  and  value  of  the  larger  trees 
cut  and  consumed  by  this  company?  The  operations  of  the  Anaconda 
Comymny  are  carried  on  upon  so  large  a  scale  that  it  is  said  they  refuse 
to  make  a  contract  for  less  than  40,000  cords  of  wood  in  any  single 
case,  and  their  contracts  range  from  that  amount  to  200,000  cords, 
while  nearly  1,000,000  cords  are  constantly  kept  on  hand.  The  company 
held  last  year  a  i)ermit  from  the  Secretary  of  the  Interior  to  cut  from 
four  sections  of  public  land  within  twelve  months  14,000,000  feet  of 
timber.  The  great  Comstock  Lode  of  Nevada  is,  if  possible,  a  greater 
anaconda,  whole  mountains  of  forest  having  gone  into  its  capacious 
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maw,  the  growth  of  two  or  three  centuries  having  been  swept  away  in 
a  few  years. 

Figures  are  impotent  to  give  one  a  full  apprehension  of  the  work  of 
forest  destruction  that  is  wrought  by  these  and  other  mining  compa- 
nies and  the  lumbering  establishments  which  help  them  to  their  sup- 
plies. One  needs  to  see  with  his  own  eyes  the  work  as  it  is  going  on 
and  the  track  of  desolation  which  it  leaves,  to  have  an  adequate  notion 
of  the  destruction  thus  accomplished.  One  company,  miscalled  a  devel- 
opment company,  which  is  one  of  the  agencies  through  which  the  Ana- 
conda secures  its  supplies,  has  a  daily  capacity  of  120,000  feet  of 
timber. 

It  is  to  be  considered  also  that  not  only  the  consumption  of  the 
forests  incidental  to  mining  operations  but  that  resulting  from  ordi- 
nary lumbering  is  marked  by  great  wastefulness.  We  throw  away 
often  more  material  than  we  use.  A  great  portion  of  the  substance  of 
the  trees  cut  in  the  forests  is  left  there  to  decay  or  to  be  consumed  by 
the  flames.  It  is  estimated  that  on  the  average  not  more  than  three- 
eighths  of  what  we  cut  in  the  forests  is  utilized,  five-eighths  of  the  mate- 
rial being  wasted.  In  the  great  redwood  forests  of  the  Pacific  Coast 
such  is  the  wasteful  method  of  operation,  it  is  said,  that  in  procuring  a 
railroad  tie  worth  35  cents,  $1.87  worth  of  the  substance  of  the  tree  is 
wasted.  In  Europe  it  is  estimated  that  seven -eighths  of  the  forest 
material  is  made  use  of  and  the  waste  is  only  one-eighth. 

A  conspicuous  case  of  wastefulness  is  worth  noting  in  this  connection, 
not  only  as  an  instance  of  wastefulness,  but  for  the  great  and  direct  dam- 
age resulting  from  it.  To  meet  the  demands  of  a  great  mining  company 
on  one  of  the  Sierra  Nevada  ranges  a  band  of  men,  numbering  thousands 
in  all,  were  sent  with  their  axes  into  a  forest  district  in  that  vicinity.  It 
was  an  extensive  region  and  the  forest  presented  a  stand  of  trees 
not  excelled,  perhaps,  in  quality  in  all  the  country.  Every  condition  of 
climate  and  soil  had  been  favorable  for  their  growth.  They  stood  thick 
and  stalwart. 

As  the  quickest  and  easiest  way  of  getting  out  the  largest  trees, 
which  were  the  ones  wanted  for  the  miners'  use,  the  forest  was  cut 
clean  and  leveled  with  the  ground.  Then,  the  timber  having  been 
removed,  the  remaining  trees,  spread  over  miles  and  miles  of  the 
mountain  side,  were  given  to  the  flames.  The  fire  not  only  consumed 
the  trees,  but  burned  up  the  soil  beneath  them — the  rich  leaf  mold, 
which  was  the  accumulation  of  centuries  of  tree  growth.  The  very 
rocks  beneath  it  were  so  heated  by  the  mighty  mass  of  burning  fuel 
that,  in  many  places,  they  crumbled  to  gravel.  When  the  rains  came 
and  the  snows  melted  rajndly  in  springtime — having  no  sheltering 
foliage  of  the  trees  to  protect  them  Irom  the  rays  of  the  sun — the  ashes 
of  the  burned  trees,  and  what  was  left  of  the  soil,  together  with  the 
rocky  gravel,  were  sw<',j)t  down  the  mountain  side  with  torrent  swift- 
ness and  force,  overflowing  the  banks  of  the  water  courses,  tearing 
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them  from  their  places,  and  pouring  out  the  debris  of  disintegrated 
rock  upon  the  fertile  meadows  below  to  the  depth  of  many  feet. 

The  settlers  in  the  peaceful  valleys  at  the  foot  of  the  mountains,  to 
whom  the  dense  forests  had  sent  from  their  saturated  spongy  soil  and 
the  slowly  melting  snows  under  their  i)rotecting  shade  a  steady  and 
sufiicient  supply  of  water  to  enable  them  to  prosecute  their  farming 
0])erations  in  that  arid  region  with  an  assurance  of  success  nowhere 
surpassed,  now  found  themselves  at  the  mercy  of  torrents  in  the  spring 
season  and  droughts  in  the  summer  time,  and  were  forced  to  abandon 
their  no  longer  productive  farms.  Those  green  mountain  sloi)es  which 
it  had  taken  centuries  of  growth  to  prepare  as  the  guarantee  of  fertil- 
ity to  the  fields  below  are  gone.  Naked  rocks  only  are  now  to  be  seen 
in  their  place.  It  will  take  centuries  to  clothe  them  again  with  trees, 
and  meanwhile  the  valleys  and  plains  below  will  remain  the  desert 
which  the  greed  and  recklessness  of  man  have  created  there. 

With  the  enormous  consumption  of  our  forests  now  going  on  and 
rapidly  increasing  and  the  consequent  diminution  of  our  forest  area, 
the  need  of  tree  planting  becomes  greater  with  every  i^assingyear,  and 
the  importance  of  Arbor  Day  constantly  increases.  Its  great  value,  as 
has  been  said,  is  not  so  much  in  the  number  of  trees  planted  on  Arbor 
Day  as  in  the  tree  sentiment  created  and  stimulated  by  the  Arbor  Day 
observances,  which  will  be  helpful  in  arresting  the  wasteful  destruction 
of  our  forests  and  lead  on  in  due  time,  it  is  to  be  hoped,  to  all  private 
and  public  tree  planting  which  our  interests  demand. 


ORIGIN  AND  HISTORY  OF  ARBOR  DAY. 

The  first  to  call  attention  in  this  country,  in  an 
impressive  way,  to  the  value  and  absolute  need  of 
trees — their  value  not  merely  on  account  of  their 
beauty  or  their  adaptation  for  purposes  of  orna- 
mental planting  and  meclianical  utility,  but  for 
their  connection  as  forests  with  climatic  iiitiu- 
ences,  with  the  flow  of  streams,  and  their  conse- 
quent connection  with  the  large  interests  of 
agricultuie  and  commerce,  in  short,  w^ith  the 
general  welfare  of  all  classes  of  people — was 
that  eminent  scholar  and  wise  observer,  Mr. 
George  P.  Marsh,  for  many  years  our  worthy  representative  at  the 
courts  of  Italy  and  Turkey.  His  residence  in  those  older  countries  was 
calculated  to  draw  his  attention  to  the  subject  as  it  would  not  have 
been  drawn  had  he  always  lived  in  his  native  land. 

Ours  was  a  remarkably  well-wooded  country.  From  Maine  to  the 
Gulf  and  from  the  Atlantic  coast  to  the  Alleghanies  stretched  an 
almost  continuous  forest,  which  at  the  beginning  of  white  settlements 
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here  and  long  afterwards  was  an  impediment  to  agricultural  develop- 
ment. The  pioneer  was  obliged  to  clear  a  space  among  the  trees  to 
make  room  in  which  to  cultivate  his  crops,  and  it  is  a  significant  sign 
of  that  early  condition  of  things  that  the  coat  of- arms  of  one  of  our 
States  bears  the  emblem  of  a  sturdy  yeoman  with  uplifted  ax.  Under 
such  circumstances,  it  is  no  wonder  that  the  people  of  this  country  in 
former  time  had  no  very  favorable  estimate  of  trees  and  little  apprecia- 
tion of  their  value,  except  for  fuel  and  the  supply  of  timber  for  house 
building  and  certain  other  uses,  or  that  they  were  willing  that  their 
consumption  by  the  ax  should  be  aided  and  accelerated  by  forest  fires. 
Comparatively  few  persons  until  a  recent  period  realized  the  serious 
inroads  which,  with  a  rapidly  increasing  population,  had  been  made 
upon  our  forest  resources  or  apprehended  the  dangers  which  were 
threatening  us  in  the  future  as  the  consequences  thereof. 

In  Europe  Mr.  Marsh  found  the  Governments  of  Italy  and  Germany,  as 
well  as  those  of  other  countries,  making  active  endeavors  and  at  great 
expense  to  rehabilitate  their  forests  which  had  been  depleted  centuries 
before,  to  guard  them  from  depredation  and,  instead  of  leaving  them  to 
be  consumed  at  the  bidding  of  personal  greed  or  recklessness,  cherish- 
ing them  as  among  their  most  precious  possessions.  He  found  the 
forests  regarded  as  the  most  valuable  crop  which  the  ground  can  pro- 
duce, and  every  ettbrt  made  to  stimulate  their  growth  to  the  utmost.  He 
found  schools,  of  a  grade  corresponding  to  our  colleges,  established  for 
the  special  purpose  of  training  men  for  the  successful  planting  and  cul- 
tivation of  forests.  He  found  the  growth  of  trees  in  masses  and  their 
maintenance  reduced  to  a  science  and  the  management  of  the  wood- 
lands constituting  one  of  the  most  important  departments  of  state. 

Such  discoveries  were  well  calculated  to  fix  his  attention  ui)on  the 
very  different  condition  of  the  forests  in  his  own  country,  and  to  con- 
vince him  that  the  leckless  destruction  of  them  then  going  on  here,  if 
not  checked,  would  bring  upon  this  hind  the  same  calamities  which  had 
befallen  countries  of  the  Old  World  in  past  centuries,  and  from  which 
only  the  most  enlightened  nations  of  Europe  are  now  recovering  through 
the  arduous  ettbrts  of  many  decades,  and  at  great  pecuniary  cost.  The 
result  of  Mr.  Marsh's  observations  was  the  publication  of  a  volume 
entitled  "The  Earth  and  Man,"  and  that  admirable  chapter  in  it  on  '^The 
woods,"  to  which,  more  than  to  any  other  soui ce  i)erhaps,  we  are  indebted 
for  the  awakening  of  attention  here  to  our  destructive  treatment  of  the 
forests,  and  the  necessity  of  adopting  a  difierent  course  if  we  would 
avert  most  serious  conse(iuences,  threatening  more  than  anything  else, 
possibly,  our  material  welfare. 

Other  thoughtful  and  observing  men  at  home  became  aware  from 
Hunt  to  time  that  we  were  wasting  our  tree  heritage,  and  in  one  way  or 
anotlier  they  were  urging  the  necessity  of  caution  and  economy  in  the 
treatment  of  the  forests.  It  is  remarkable,  indeed,  that  as  eaily  as  the 
colonial  period  some  of  our  States — New  Hampshire  and  New  York,  for 
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example — became  somewhat  alarmed  by  the  inroads  which  were  even 
then  beinjj^  made  ui)on  their  forests,  and  made  enactments  for  their  pro- 
tection. This  action  was  exceptional,  however,  and  little  was  done  to 
draw  attention  to  the  rapid  and  dangerous  depletion  of  our  forests  and 
awaken  public  sentiment  on  the  subject  until  within  the  comparatively 
recent  period  of  which  we  have  just  spoken. 

For  the  purpose  of  securing  a  supply  of  timber  for  naval  construction 
the  Government,  at  the  beginning  of  the  present  century,  purchased 
certain  tracts  of  live-oak  timber,  and  about  twenty-five  years  later,  by 
an  act  of  Congress,  the  President  was  authorized  to  take  measures  for 
their  preservation.  About  the  same  time  the  Massachusetts  Society 
for  Promoting  Agriculture  ottered  prizes  for  forest  planting,  and  thirty 
years  later  the  State  ordered  a  survey  of  her  timber  lands.  Thirty 
years  later  still,  acts  began  to  be  passed  for  the  encouragement  of  tim- 
ber planting,  chiefly  in  the  treeless  Western  States.  The  well-known 
timber- culture  act  was  one  of  these.  It  made  a  free  gift  of  the  i^ublic 
lands  to  the  successful  planter  of  forest  trees  on  one-fourth  of  his  entry. 

About  twenty  years  ago  the  subject  of  forest  destruction  and  its 
detrimental  results  came  before  the  American  Association  for  the 
Advancement  of  Science  for  consideration,  and  as  the  result  of  its  dis- 
cussions the  association  memorialized  Congress,  asking  that  measures 
be  taken  for  the  protection  of  the  public  timber  lands.  In  consequence 
of  this,  a  committee  of  the  House  of  Representatives  was  appointed  for 
the  purpose  of  considering  the  establishment  of  a  forestry  department 
of  the  Government,  and  two  years  later  the  Commissioner  of  Agricul- 
ture was  authorized  to  appoint  a  forest  commissioner,  which  was  the 
foundation  of  the  present  Forestry  Division  in  tlie  Department  of  Agri- 
culture. The  commissioner,  the  late  Dr.  F.  B.  Hough,  made  protracted 
inquiries  into  the  condition  of  the  forests  in  this  country  and  in  Europe, 
and  published  a  voluminous  report  on  the  subject,  which  is  altogether 
the  most  complete  and  valuable  publication  on  forestry  which  has 
api)eared  in  this  country. 

It  was  at  about  this  time,  or  a  few  years  earlier,  that  a  practical 
movement  was  inaugurated  by  the  present  Secretary  of  Agriculture, 
the  Hon.  J.  Sterling  Morton,  which  has  done  more  for  the  protection  of 
our  forests  and  the  encouragement  of  tree  planting  than  all  our  legis- 
lation. This  was  the  establishment  of  Arbor  Day,  or  tree-planting  day. 
It  was  the  happy  thought  of  this  pioneer  settler  on  the  treeless  plains  of 
Nebraska,  who  knew  and  felt  the  value  of  trees  about  the  home,  as  well 
as  their  importance  for  the  many  uses  of  life,  to  enlist  his  neighbors 
and  his  fellow  settlers  throughout  the  State,  by  a  common  impulse, 
growing  out  of  common  ^\  ants  and  feelings,  in  the  work  of  tree  planting 
on  one  and  the  same  given  day.  The  wise  suggestion  was  brought  before 
the  State  board  of  agriculture  in  the  form  of  a  resolution  designating  a 
certain  day  for  the  inauguration  of  the  tree-planting  movement.  The 
resolution  was  readily  adopted.    The  appeal  to  the  popular  feeling  and 
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the  popular  need  was  heartily  responded  to,  and  it  was  reported  that 
many  millions  of  trees  were  planted  that  year  in  Nebraska.  This 
successful  inauguration  of  Arbor  Day  led  to  its  institution  the  same 
year  by  the  horticultural  society  in  Iowa,  to  be  followed  quickly  by  its 
adoption  in  Minnesota,  Ohio,  and  other  Western  States. 

A  few  years  later  Arbor  Day  assumed  a  new  character  and  acquired 
a  wider  interest  with  the  people  as  it  became  connected  in  its  observ- 
ance with  the  public  schools.  This  it  did  for  the  first  time  during  the 
sessions  of  a  national  forestry  convention  at  Cincinnati  in  the  year. 
1882.  The  sessions  of  the  convention  were  continued  through  five  days, 
on  one  of  which  there  was  a  public  parade,  civic  and  military,  with  a 
march  to  Eden  Park,  where  groves  were  planted  and  single  trees  in 
memory  of  distinguished  men — poets,  orators,  governors,  and  others. 
The  school  children  and  their  teachers  formed  a  conspicuous  feature  of 
the  pageant  and  the  planting  of  the  trees  was  done  principally  by  them. 
Tree  planting  thus  became  a  festivity,  combining  at  once  pleasure  and 
utility.  That  Cincinnati  observance  was  an  object  lesson  for  the  coun- 
try, as  the  report  of  it  was  published  far  and  wide. 

A  national  forestry  association  was  formed  at  the  time  of  the  Cincin- 
nati convention,  and  at  its  meeting  in  St.  Paul  the  following  year  a 
resolution  was  adopted  favoring  the  observance  of  Arbor  Day  by  the 
schools  of  the  country.  A  standing  committee  on  Arbor  Day  was  also 
appointed,  and  such  a  committee  has  been  ap])ointed  at  nearly  every 
annual  meeting  of  the  association.  Wherever  since  then  Arbor  Day 
has  been  adopted  its  observance  has  been  connected  with  the  schools, 
as  it  has  been  also  in  the  States  where  it  had  been  established  before. 
Thus  it  has  become  a  school  festival,  as  it  has  also  become  a  national 
one.  It  was  only  what  might  have  been  expected,  therefore,  that  at 
the  meeting  of  the  National  Education  Association,  at  Saratoga,  in 
July,  1892,  when  the  subject  liad  been  brought  to  its  attention  by  the 
Hon.  B.  G.  Northrop,  the  committee  to  whom  jt  was  referred  should 
report  as  follows : 

Your  committee  reports  with  pleasure  that  Arbor  Day  is  now  ohserved  iu  accord- 
ance with  let^islative  act,  or  annual  public  prochimation,  in  forty  States  an<l  Terri- 
tories. We  recommend  that  the  observance  be  universal,  that  village  and  district 
improvement  associations  be  formed,  that  memorial  trees  be  i)lanted,and  that  appro- 
priate means  be  employed  to  inspire  in  pupils  and  ])arents  the  love  of  beauty  and  a 
desire  for  home  and  landscape  adornment. 

Arbor  Day  is  educational  in  the  best  and  largest  sense.  By  engag- 
ing the  pupils  of  the  schools  in  the  study  of  trees,  not  merely  from 
books  but  by  actual  observation  and  handling  of  them  in  their  living 
state,  the  observing  faculties  of  the  pui)ils  are  appealed  to  and  culti- 
vated, and  their  minds  are  easily  led  on  from  the  study  of  trees  to  that 
of  shrubs  and  flowering  ])lants  and  all  natural  objects.  There  can  be 
no  better  training  than  this.  It  forms  one  of  the  best  ecpiipments  for 
success  in  life  in  whatever  employments  one  may  be  engaged,  and  is  a 
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never-failing  source  of  enjoyment.  No  studies  are  more  wholesome 
than  those  of  natural  objects.  They  are  suggestive  of  only  what  is  good. 
They  cultivate  the  sense  and  love  of  the  beautiful  everywhere.  They 
meliorate  the  nature  within  us  and  fit  us  to  be  associates  with  one 
another,  and  to  become  worthy  members  of  society  wherever  we  may  be. 

And  so  Arbor  Day  and  its  public  observance,  taken  with  the  studies 
connected  with  it,  has  led  on  naturally  to  the  formation  of  town  and 
village  improvement  societies  and  various  other  associations  and  organ- 
izations for  the  promotion,  in  one  way  and  another,  of  the  public  wel- 
fare. The  spirit  of  Arbor  Day  is  benevolent.  Its  aim  is  the  public 
good  in  some  form,  and  it  has  a  wide  outlook.  There  is  nothing  narrow 
or  selfish  about  it.  If  it  plants  trees,  it  is  not  for  the  benefit  of  any 
individual  alone,  but  for  all  who  may  see  them  and  have  the  benefit  of 
them,  whether  soon  or  centuries  hence.  It  plants  for  those  who  are  to 
come,  as  well  as  for  those  now  living. 

Arbor  Day  is  the  one  festival  or  celebration  which,  instead  of  look- 
ing backward  and  glorifying  the  heroes  and  achievements  of  the  past 
or  recounting  the  praises  of  present  enterprises  or  actors,  looks  forward 
and  seeks  to  make  a  better  environment  and  a  better  inheritance  for 
the  coming  generations.  Its  spirit  is  hopeful.  Its  motto  is  progress. 
It  is  ever  reaching  out  for  new  acquisitions  of  knowledge,  and  seeking 
to  impart  new  and  more  widespread  benefits. 

It  is  not  a  matter  for  wonder,  therefore,  that  an  institution  with 
such  a  spirit  and  such  possibilities,  with  so  much  to  commend  it  to  the 
attention  of  i)ersons  of  intelligence  and  generous  feeling,  and  especially 
to  the  ardent  natures  of  the  young,  should  have  a  speedy  and  wide 
acceptance.  And  so,  by  its  own  manifest  merit  and  without  any  prop- 
agandism  on  its  behalf,  it  has  been  adopted  by  nearly  every  State  and 
Territory  of  the  Union;  and  limited  by  no  national  boundaries,  it  has 
even  crossed  the  Atlantic  on  the  one  hand,  and  become  established  in 
Gi-eat  Britain,  France,  and  northern  and  southern  Africa,  and  during 
the  present  year  in  Spain,  and  on  the  other,  has  crossed  the  Pac^ific 
and  been  Avel(;omed  in  the  Hawaiian  Islands  and  in  Japan. 

The  beneficent  results  of  an  institution  of  this  character,  nnd  already 
almost  world-wide  in  its  reach,  no  one  can  measure.  Year  by  year  it 
will  bring  millions  of  people,  young  and  old,  into  a  closer  and  more 
intimate  contact  with  nature,  unveiling  to  them  its  pi'ecious  secrets, 
opening  to  them  stores  of  valuable  knowledge,  and  cultivating  in  them 
the  best  feelings.  In  our  own  country  it  promises  to  do  more  than 
anything  else  to  convert  us  from  a  nation  of  wanton  destroyers  of  our 
unparalleled  heritage  of  trees  to  one  of  tree  planters  and  protectors. 
Instead  of  looking  upon  the  trees  with  indifference,  or  even  with  a  hos- 
tile feeling,  as  to  a  great  extent  we  have  done,  or  regarding  them  chiefiy 
as  material  for  use  in  the  constructive  arts  or  to  be  consumed  as  fuel, 
we  shall  become  tree  lovers.  A  tree  sentiment  will  be  created  and 
established  which  will  lead  us  to  recognize  and  cherish  the  trees  as 
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friends,  and  while  we  shall  freely  make  use  of  them  in  the  various  arts 
and  industries  of  life,  we  shall  be  mindful  of  their  value  in  other  respects 
and  find  constant  delijEfht  in  their  companionship. 

To  show  tlie  natural  result  of  the  establishment  of  Arbor  Day  and 
how  it  increases  its  hold  upon  the  regard  of  a  people  from  year  to  year 
as  it  becomes  more  and  more  familiar  to  them  and  its  obvious  lessons 
are  learned  by  them,  it  is  enough  to  adduce  the  history  of  Nebraska, 
in  which  the  day  originated — since  the  time  it  began  to  be  celebrated 
there.  Arbor  Day  originated  in  this  manner:  At  an  annual  meeting  of 
the  Nebraska  State  board  of  agriculture  held  in  the  city  of  Lincoln, 
January  4,  1872,  J.  Sterling  Morton,  of  Nebraska  City,  introduced  the 
following  resolution,  which  was  unanimously  adopted  after  some  little 
debate  as  to  the  name,  some  of  those  present  contending  for  the  term 
"  Sylvan "  instead  of  "Arbor : " 

Resolved,  That  Wednesday,  the  10th  day  of  April,  1872,  be,  and  the  same  is  hereby, 
especially  set  ajjart  and  consecrated  for  tree  planting  in  the  State  of  Nebraska,  and 
the  State  board  of  agriculture  hereby  name  it  Arbor  Day ;  and  to  urge  upon  the  peo- 
ple of  the  State  the  vital  importance  of  tree  planting,  hereby  offer  a  special  premium 
of  one  hundred  dollars  to  the  agricultural  society  of  that  county  in  Nebraska  which 
sball,  upon  that  day,  plant  properly  the  largest  number  of  trees;  and  a  farm  library 
of  twenty-five  dollars'  worth  of  books  to  that  person  who,  on  that  day,  shall  plant 
properly,  in  Nebraska,  the  greatest  number  of  trees. 

The  result  was  that  over  a  million  trees  were  planted  in  Nebraska  on 
that  first  Arbor  Day. 

Three  years  later  the  day  had  attained  such  favor  with  the  people 
that  the  governor,  by  public  proclamation,  set  apart  the  third  Wednes- 
day of  April  as  Arbor  Day,  and  recommended  that  the  people  observe 
it  as  a  day  of  tree  planting.  Annually  thereafter  other  governors  of 
the  State  followed  this  example,  until  at  tlie  session  of  the  legislature 
in  1885  an  act  was  passed  designating  the  22d  day  of  April,  the  birth- 
day of  Mr.  Morton,  as  the  date  of  Arbor  Day,  and  making  it  one  of  the 
legal  holidays  of  the  State. 

As  further  showing  the  deep  lodgment  which  Arbor  Day  has  gained 
in  the  regard  of  the  people  of  Nebraska,  and  the  interest  with  which 
it  is  cherished  by  them,  it  is  significant  to  notice  that  since  the  inaugu- 
ration of  Arbor  Day  a  provision  has  been  embodied  in  the  constitution 
of  the  State  which  recites,  "That  the  increased  value  of  lands  by 
reason  of  live  fences,  fruit,  and  forest  trees  grown  and  cultivated 
thereon  shall  not  be  taken  into  account  in  the  assessment  thereof." 

The  following  statutory  enactments  are  now  in  existence  also: 

Sec.  3.  That  the  corporate  authorities  of  cities  and  villages  of  the  State  of 
Nebraska  shall  cause  shade  trees  to  be  planted  along  the  streets  thereof. 

Sec.  4.  For  the  above  purpose  a  tax  of  not  less  than  one  dollar  nor  more  than  five 
dollars,  in  addition  to  all  other  taxes,  shall  be  levied  upon  each  lot  adjacent  to  which 
the  trees  are  to  be  planted  as  aforesaid,  and  collected  as  other  taxes. 

Skc.  5.  Trees  shall  be  annually  planted,  when  practicable,  on  each  side  of  one- 
fourth  of  the  streets  in  each  city  and  village  in  the  State  of  Nebraska,  until  all  shall 
have  shade  trees  along  them  not  more  than  twenty  feet  apart. 
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Sec,  6.  The  corporate  authorities  aforesaid  shall  provide  by  ordinance  the  distance 
from  the  side  of  the  street  that  trees  shall  he  planted,  and  the  size  thereof. 

Skc.  7.  Provided,  The  owner  of  any  lot  or  lots  may  plant  trees  adjacent  thereto 
where  ordered  as  above,  in  the  manner  and  of  the  size  prescribed,  and  on  making 
proof  thereof  by  affidavit  to  the  collector,  said  affidavit  shall  exempt  said  owner 
from  the  payment  of  the  aforesaid  tax. 

Sec.  8.  Any  person  who  shall  materially  injure  or  shall  destroy  the  shade  tree  or 
trees  of  another,  or  permit  his  animals  to  destroy  them,  shall  be  liable  to  a  line  of 
not  less  than  five  dollars,  nor  more  than  fifty  dollars  for  each  tree  thus  injured  or 
destroyed,  which  fine  shall  be  collected  on  complaint  of  any  person  or  persons  Ijefore 
any  court  of  proper  jurisdiction.  One-half  of  all  fines  thus  collected  shall  be  i)aid 
to  the  owner  of  the  trees  injured  or  destroyed;  the  other  half  shall  be  paid  into  the 
school  fund. 

Sec.  9.  That  this  act  shall  not  apply  to  any  person  that  is  occupant  of  any  busi- 
ness lot  without  his  consent. 

Sec.  10.  That  when  any  person  shall  plant  and  properly  cultivate  for  the  term  of 
five  years,  six  rows  of  trees,  eight  feet  apart,  and  the  trees  four  feet  apart  in  the 
row  along  either  the  north  section  or  the  half  section  line,  running  east  and  west, 
said  rows  to  be  not  nearer  to  the  said  north  section  or  half  section  line  than  four  feet 
or  to  the  south  line  of  any  road  which  may  be  laid  out  on  said  north  section  or  half 
section  line;  or  when  any  person  shall  fill  out  to  the  standard  above  prescribed,  and 
keep  the  same  in  a  proper  state  of  cultivation  for  the  time  above  stated,  any  rows 
of  trees  that  may  have  previously  been  planted  along  said  north  section  or  half  sec- 
tion line,  it  shall  be  the  duty  of  the  county  commissioners  to  pay  such  person,  by 
warrant  on  the  county  treasurer,  a  sum  of  money,  amounting  to  three  dollars  and 
thirty-three  cents  per  acre,  for  each  acre  so  planted  and  cultivated  annually,  so  long 
as  the  same  is  planted  and  kept  growing  and  in  a  proper  state  of  cultivation, 
for  a  period  not  to  exceed  the  space  of  five  years,  and  to  an  extent  not  to  exceed 
three  acres  of  land. 

Sec.  11.  It  shall  be  the  duty  of  the  assessor  of  each  i)recinct  to  make  proper  exam- 
ination and  report  to  the  county  commissioners,  at  the  time  of  his  annual  report,  the 
condition  of  all  timber  so  planted  and  cultivated  under  the  provisions  of  this  act. 

How  firmly  the  tree-planting  idea  has  taken  hold  of  the  people  of 
Nebraska  is  further  shown  by  a  joint  resolution  adopted  by  the  last 
legislature,  and  approved  April  4,  1895 : 

Whereas  the  State  of  Nebraska  has  heretofore,  in  a  pox)ular  sens**,  been  desig- 
nated by  names  not  in  Ijarmony  with  its  history,  industry,  or  ambition ;  and 

Whereas  the  State  of  Nebraska  is  preeminently  a  tree-planting  State;  and 

Whereas  numerous  worthy  and  honorable  State  organizations  have,  by  resolu- 
tion, designated  Nebraska  as  the  "Tree  Planter's  State;"    Therefore,  be  it 

Resolved  by  the  legislature  of  the  State  of  Nebraska,  That  Nebraska  shall  hereafter, 
in  a  popular  sense,  be  known  and  referred  to  as  the  ''Tree  Planter's  State." 

To  this  may  be  added,  not  inappropriately,  another  joint  resolution 
adopted  at  the  same  session,  which  is  an  outgrowth  of  the  same  senti- 
ment as  that  which  led  to  the  adoption  of  the  popular  name,  *'  Tree 
Planter's  State." 

Whereas,  the  adoption  of  a  State  floral  emblem  by  the  authority  of  the  legis- 
lature would  foster  a  feeling  of  pride  in  our  State  and  stimulate  an  interest  in  the 
history  and  traditions  of  the  Commonwealth:  Therefore,  be  it 

Resolved,  That,  the  Senate  concurring,  we,  the  legislature  of  Nebraska,  hisreby 
declare  the  flower  commonly  known  .as  the  "Golden  Rod"  (Solidago  serotina)  to  l)e 
the  floral  emblem  of  the  State. 

Approved  April  4,  A.  D.  1895. 
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The  Hon.  Henry  R.  Corbett,  State  superintendent  of  public  instruc- 
tion, says: 

The  etfect  of  Arbor  Day  it  will  be  impossible  to  estimate  in  figures  or  statistics.  It 
has  resulted  in  stimulating  a  pride  in  the  resources  of  Nebraska  and  a  sentiment  in 
favor  of  extending  and  preserving  our  forest  areas.  It  is  observed  and  talked  about 
in  every  school  room,  and  through  its  influence  millions  of  trees  have  been  planted 
and  cared  for  annually  throughout  the  State. 

To  these  testimonies  may  be  added  the  following  recent  statement  of 
the  Hon.  R.  W.  Furnas,  who,  as  governor  of  Nebraska,  issued  the  first 
Arbor  Day  proclamation  and  who  has  watched  with  interest  the  prog- 
ress and  results  of  the  day's  observance  ever  since: 

No  observance  ever  sprang  into  existence  so  rapidly,  favorably,  permanently,  and 
now  so  near  universally  throughout  the  whole  civilized  world  as  that  of  "Arbor  Day." 
It  originated  less  than  a  quarter  of  a  century  since,  and  has  been  adopted,  in  some 
form  or  other,  in  all  the  States  and  Territories  of  this  Union,  and  in  nearly  all  for- 
eign civilized  countries,  increasing  in  popularity  wherever  known. 

The  words  ''Arbor  Day"  are  attractive  to  the  eye — to  read  in  print  and  to  meditate; 
they  are  rythmical  to  utter  and  to  the  ear.  The  word  "Arbor"  carries  with  it  most 
pleasant  remembrances  to  the  young  and  promise  to  the  older — "a  bower,  a  seat 
shaded  by  trees."  What  more  enticing  and  enchanting  to  refined  {esthetic  taste 
and  mind  than  such  retreat,  such  rest,  shelter,  protection?  This  characteristic  alone 
makes  it  worthy  of  a  permanent  place  in  our  civilization. 

Its  economic  worth,  because  of  its  usefulness  among  all  classes  of  people^  com- 
mends it  with  equal  force. 

Its  origin  was  prompted  by  a  desire  to  ward  off  the  rigorous  winds  of  northwestern 
prairies,  and  to  supply  fuel  as  well.  Its  accomplishments  in  this  respect  are  already 
beyond  pecuniary  computation.  Through  the  instrumentality  of  its  observance  in 
Nebraska  many  thousands  of  acres  hitherto  bleak,  worthless,  undesirable  prairie 
lands  have  been  clad  with  millions  of  trees,  thus  converting  them  into  valued  forest 
groves,  fruitful  orchards,  prosperous  homes,  with  happy  people  as  occupants.  A 
great  commonwealth  has  been  built  on  the  foundation  "Arbor  Day,"  and  within  the 
recollection  of  those  who  participated  in  "laying  the  corner  stone." 

The  influence  of  tree  planting  on  the  western  prairies,  influencing  climate  con- 
ditions for  good,  is  found  to  be  next  to  incalculable — retaining  moisture  and  breaking 
the  force  of  sweeping  winds.  Growing  out  of  this  climatic  revolution  is  the  greater 
result  of  increased  crop  products. 

Records  show  the  number  of  trees  planted  in  Nebraska  since  the  inauguration  of 
"Arbor  Day"  running  into  billions.  Instances  are  also  of  record,  where  the  earlier 
planted  and  more  rapid  growing  varieties  of  trees  which  were  used  have  been 
already  converted  into  sawed  lumber,  of  which  residences  and  other  buildings  have 
been  constructed. 

It  has  been  deemed  proper  to  present  in  this  extended  manner  an 
account  of  the  inauguration,  establishment,  and  progress  of  the  Arbor 
Day  institution  in  Nebraska  as  an  illustration  not  only  of  what  the 
observance  of  the  day  has  effected  in  a  particular  State,  but  of  what  it 
is  effecting  in  many  other  States  and  may  be  expected  to  do  wherever 
it  is  established. 

To  show  that  similar  results  have  followed  the  introduction  of  Arbor 
Day  in  other  States,  it  will  be  enough  to  cite  brieHy  the  testimony  of  a 
few  superintendents  of  i)ublic  instru(!tion,  persons  who  possess  the  best 
means  of  information  upon  the  subject. 
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Superiutendent  KSabin,  of  Iowa,  well  known  for  the  great  interest  he 
has  taken  in  the  i)roper  observance  of  Arbor  Day,  says: 

Arbor  Day  has  been  regularly  observed  in  Iowa  since  it  was  instituted  in  1887.  It 
is  the  custom  of  this  departiueut  to  issue  an  Arbor  Day  annual  for  free  distribution. 
Special  care  is  taken  that  one  reaches  every  school  in  the  State. 

Although  there  is  no  legal  requirement,  the  day  is  very  genrrally  observed  by  the 
schools,  and  in  many  cases  by  citizens.  It  is  proper  ^o  say  here  that  our  school  law 
requires  every  board  of  directors  to  set  out  and  properly  care  for  at  least  twelve 
shade  trees  on  each  school  grounds  not  already  provided  with  suitable  shade. 

The  influence  of  such  an  observance  is  very  excellent,  although,  as  in  other  good 
work,  perseverance  is  necessary  to  success.  We  intend  to  continue  the  custom  from 
year  to  jear. 

The  superintendent  of  public  instruction  in  Wyoming  says: 

The  day  is  observed  by  the  planting  of  trees  and  appropriat**-  exercises  in  each 
department  of  our  schools. 

A  great  degree  of  interest  is  manifested  by  the  children  and  peoph^  generally  and 
seems  to  be  increasing.  Pupils  look  forward  with  great  pleasure  to  tlie  planting  and 
naming  of  their  trees.  In  a  great  many  schools  each  child  contributes  toward  the 
buying  of  a  tree,  and  in  after  years  watches  its  growth  very  carefully. 

Particular  interest,  I  think,  is  shown  in  this  day  in  Wyoming  for  the  reason  that 
we  have  so  few  native  trees  and  it  requires  so  much  care  to  cultivate  them. 

E.  B.  Prettynian,  secretary  of  the  Maryland  board  of  education,  says: 

The  day  is  observed  universally  by  the  public  schools  of  the  State.  Great  interest 
is  manifested,  which  1  believe  to  be  increasing.  I  believe  the  effect  of  the  observ- 
ance of  Arbor  Day  is  very  beneficial  in  cultivating  a  love  for  trees  and  for  the 
adornment  not  only  of  school  lots  with  trees,  vines,  and  flowers,  but  that  this  culti- 
vation extends  to  the  families  and  homes  represented  in  the  schools. 

Hon.  J.  M.  Carlisle,  superintendent  of  public  instruction  in  Texas, 
says : 

Washington's  birthday,  February  22,  is  observed  in  this  State  as  .\rbor  Day.  It  is 
observed  as  a  holiday,  and  is  devoted  to  the  planting  of  trees,  shrubs,  flowers,  and 
the  general  ornamentation  of  public  buildings  and  grounds.  The  patriotic  exercises 
appropriate  to  Washington's  birthday  blend  beautifully  with  the  observance  of 
Arbor  Day. 

The  eft'ect  of  the  observance  of  the  day  is  wholesome.  Interest  in  the  study  of 
trees,  shrubs,  and  flowers  is  stimulated,  appreciation  of  the  wonders  and  beauties 
of  nature  is  heightened,  and  the  sentiment  in  favor  of  both  physical  and  moral  clean- 
liness is  greatly  strengthened,  while  patriotic  feelings  are  aroused  and  the  people 
are  drawn  together  by  the  contemplation  of  so  many  great  themes  in  which  all  have 
a  common  interest. 

The  superintendent  of  public  instruction  in  North  Dakota  says: 

The  degree  of  interest  in  the  observance  of  the  day  is  increasing,  and  the  effect 
upon  pupils  of  the  schools  and  the  public  generally  is  gratifying  in  the  same  degree 
which  marks  the  increasing  observance  of  the  day. 

Hon.  A.  B.  Poland,  State  superintendent  of  public  instruction  in 
New  Jersey,  says : 

Ever  since  the  adoption  of  the  act  for  the  observance  of  Arbor  Day  (1884)  the 
observance  has  been  universal  throughout  the  State,  and,  in  general,  eminently  sat- 
isfactory. I  am  of  the  opinion  that,  after  eleven  years'  experience,  the  interest  taken 
in  the  observance  of  Arbor  Day  has  in  no  respect  diminished.  This  would  be  a 
remarkable  phenomenon  were  it  not  that  the  end  subserved  were  generally  recog- 
nized to  be  a  useful  one. 
10578 2 
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I  am  of  the  opinion  also  that  the  participation  of  the  schools  and,  to  a  consider- 
al)le  extent,  the  citizens  in  the  observance  of  Arbor  Day  has  resulted  in  a  moral  and 
aesthetic  improvement  that  may  be  clearly  discerned. 

New  York  was  late  in  adopting  Arbor  Day  by  legal  ])rovision,  though 
the  day  had  been  more  or  less  observed  for  several  years;  but  no  State, 
since  the  enactment  of  the  "  act  to  encourage  arboriculture"  (1888),  has 
been  more  active  or  efficient  in  the  observance  of  Arbor  Day.  Hon. 
Charles  R.  Skinner,  State  superintendent  of  public  instruction,  speak- 
ing of  the  passage  of  the  act,  says: 

Without  doubt  one  of  the  effects  of  this  legislation  has  been  to  arouse  a  deeper 
interest  in  trees  and  flowers  among  pupils  and  people.  We  hear  more  in  these  days 
concerning  the  preservation  of  our  forests  than  before  the  enactment  of  the  law. 
Our  school  grounds  are  kept  in  better  condition  and  the  trees  about  our  school- 
houses  are  better  protected.  In  thousands  of  cases  trees  so  planted  on  Arbor  Day 
have  been  named  for  men  and  women  prominent  in  education  and  in  our  history 
generally. 

The  manuals  which  have  been  issued  by  the  department  of  public 
instruction  from  year  to  year,  and  the  larger  and  very  noteworthy  manual 
compiled  by  Mr.  Skinner  himself,  testify  abundantly  to  the  vigor  with 
which  the  Arbor-Day  propaganda  has  been  promoted  in  New  York. 
Those  manuals  have  been  freely  drawn  upon  in  the  preparation  of  the 
present  publication. 

The  number  of  trees  planted  in  New  York  on  Arbor  Day  is  officially 
stated  by  Mr.  Skinner  as  follows:  1889,  24,166;  1890,  27,130;  1891, 
25,786;  1892,  20,622;  1893,  15,973;  1894,  16,624. 


STATES  AND-  TERRITORIES  OBSERVING  ARBOR  DAY. 


states. 

Year  of 
first  observ- 
ance. 

1887 

Arizona 

1890  91 

California 

1886 

Colorado 

1885 

Connecticut 

Florida         

1887 
1886 

Georgia 

1887 

Idaho 

18R6 

lUinoiH 

1888 

1884 

Iowa  

1887 

1875 

Kentucky 

188G 

1888  80 

l^uine           ... 

1887 

Maryland 

1889 

1886 

]Vf ichiizau    .....       .          .... 

1885 

1876 

M isslHsinpi 

M  JHRouri 

18ft2 
1886 

1887 

I'iTi'braHka . . . . .       .     ....... 

1872 

1887 

New  HampHhire 

1886 

Time  of  observance. 


22dof  Februarv. 

First  Friday  after  Ist  of  February. 


Third  Friday  in  April. 

In  spring,  at  appointment  of  governor. 

January  8. 

First  Friday  in  December. 

Last  Monday  in  April. 

Date  fixed  'by  governor   and    superintendent  of  public 

instruction. 
Date  fixed  by  superintendent  of  public  instruction. 

Do. 
Option  of  governor,  usually  in  April. 

Do. 
Option  of  parish  boards. 
Oi)tion  of  governor. 
Opti  >n  <»f  governor,  in  ApriJ. 
Last  Saturday  in  April, 
option  of  governor. 

Do. 
Option  of  board  of  education. 
First  Friday  after  first  Tuesday  of  April. 
Second  Tuesday  of  May. 
22d  of  Ai»ril. 
Option  of  governor. 

Do. 
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States  and  Tekritorieh  Observing  Arbor  Day — Continued. 


states. 

Year  of 
first  observ- 
ance. 

Time  of  observance. 

New  tToraGV     ......     ..   ... 

1884          Option  of  governor,  in  April. 

1890           Second  Friday  in  March. 

1889           First  Friday  after  May  1. 

1893           Option  of  the  governor,  in  autumn. 

1884        ,  (itli  of  May,  by  proclamation  of  governor. 

1882            III  Anril    hv  i'iro<',lRiii:ition  of  L'itvernor. 

Nl"^v■  Y  ork         ......' 

North  Dakota 

Ohio          

Oklahoma 

Second  Friday  in  April. 
Oi)tion  of  governor.    Alternative  dates. 
Do. 

( )regou 

rcniiHylvania 

Hhodc  Island           . . 

1889 
1887 
1887 

Uncertain.    Variable. 

South  Dakota                    

1884           Option  of  governor. 

1875          November,  at  designation  of  county  superintendents. 

Xeniiesseo  . ... 

1890           22d  of  February. 

Veriiioiit               ... ...... 

1885           Option  of  governor. 

1892 

West  Virginia 

1883           Fall  and  spring,  at  designation  of  superintendent  of  school.s. 
1889          Option  of  governor. 
1888                  Do. 

^Vvominji             .   .     .  . 

1892        1          Do. 

Only  tbe  following  three  States  or  Territories  fail  to  observe  Arbor 
Day:  Delaware,  Indian  Territory,  and  Utah.  In  Delaware  the  day  is 
observed  in  some  localities,  and  the  same  is  probably  true  in  Utah  and 
the  Indian  Territory. 


ARBOR  DAY  CELEBRATIONS. 


While  the  object  of  Arbor  Day,  as  originally 
instituted,  was  to  secure  the  planting  of  trees 
on  a  large  scale  and  for  economic  ])urposes,  in  a 
region  nearly  destitute  of  trees  and  where  the 
need  of  them  for  fuel  as  well  as  for  shelter  was 
strongly  felt,  now  that  its  observance  has  spread 
all  over  the  country  and  has  become  almost  uni- 
versally connected  with  the  schools,  nowhere  is  the 
day  welcomed  with  more  of  zest  and  enjoyment  than  in 
those  parts  of  the  country  where  trees  are  most  abundant. 
The  value  of  Arbor  Day  observances  in  connection  with  our 
schools,  therefore,  is  not  to  be  measured  so  much  by  the  number  of 
trees  planted  at  a  given  time  as  by  the  tree  spirit  implanted  in  those 
engaged  in  the  observance,  by  the  knowledge  of  tree  life  incidentally 
gained,  and  the  feelings  and  principles  engendered  or  promoted  and 
their  after  influence  upon  life  and  character.  The  value  of  Arbor  Day 
is  not  so  much  in  its  present  enjoyments  for  a  day  as  in  what  it  does  by 
preparing  our  growing  youth  to  be  useful  and  happy  men  and  women 
when  they  reach  the  position  of  influence  and  responsibility,  when  the 
duties  of  public  and  social  life  and  the  molding  and  direction  of  social 
and  political  afl'airs  are  to  be  transferred  from  those  who  now  control 
them  and  are  to  be  assumed  by  themselves. 
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It  is  much  in  favor  of  the  day  aud  its  appropriate  observance  that  it 
may  aftord  sucli  opportunities  for  bringing  the  young  so  pleasantly  into 
contact  with  Nature,  and  opening  their  minds  in  their  most  impressible 
time  to  her  healthy  and  happy  influences.  It  is  good  to  take  the  pupils 
out  of  the  schoolroom  for  a  day  into  the  open  air,  into  Nature's  school 
phice.  And  it  would  be  a  good  thing  if  they  could  be  taken  into  the 
fields  and  groves,  under  the  judicious  guidance  of  their  teachers,  not 
only  once  a  year,  but  oftener.  An  occasional  half-holiday  thus  taken 
would  be  of  more  real  benefit,  more  instructive,  than  any  ecjual  portion 
of  time  spent  in  the  schoolroom.  It  would  be  taking  the  children  to 
the  original  fountains  of  knowledge,  where  they  would  gain  it  at  first 
and  not  at  second  hand.  Fresh  flowers  are  better  than  those  of  the 
herbarium.  It  would  give  scope  and  stimulus  to  their  observing  facul- 
ties, the  first  to  open  and  the  first  which  offer  themselves  to  be  trained 
for  i)roper  use,  on  whose  i)roper  use  also  the  success  and  happiness  of 
after  life  chiefly  depend.     As  Wordsworth  says: 

Nature  never  did  betray 
The  heart  that  loved  her;  'tis  her  privilege, 
Through  all  the  years  of  this  our  life,  to  lead 
From  joy  to  joy;  for  she  can  so  inform 
The  mind  that  is  within  us,  so  impress 
With  quietness  and  beauty,  and  so  feed 
With  lofty  thoughts,  that  neither  evil  tongues. 
Rash  judgments,  nor  the  sneers  of  selfish  men, 
Nor  greetings  where  no  kindness  is,  nor  all 
The  dreary  intercourse  of  daily  life 
Shall  e'er  prevail  against  us,  or  disturb 
Our  cheerful  faith  that  all  which  we  behold 
Is  full  of  blessing. 

It  had  been  a  thousand  times  better  for  some  if,  instead  of  moiling 
over  books  in  the  schoolroom,  they  had  been  allowed  to  si>end  more  of 
their  younger  days  in  the  open  world,  the  school  of  Nature,  to  be  com- 
panions of  tlie  birds,  listening  to  their  songs  and  learning  their  habits, 
strolling  along  the  brooks,  following  their  windings  through  wood  and 
meadow,  and  coming  home  laden  with  the  treasures  wliich  Nature  is  ever 
ready  to  bestow  upon  the  youngest  child  or  the  oldest  man  who  has  an 
eye  to  see  and  a  heart  to  feel  tlieir  beauty. 

Happily,  the  methods  of  the  schoolroom  are  better  th«nn  they  were, 
though  there  is  still  room  for  improvement.  Nature  studies  have  found 
some  place  in  them.  But  these  would  be  made  more  interesting  and 
more  ettective  if  tea(;her  and  pupils  together  were  oftener  to  get  face  to 
face  with  Nature  herself,  the  great  teacher. 

METHODS  OF  OBSERVING  ARBOR  DAY. 

The  observance  of  Arbor  Day  may  be  as  various  in  method  as  tin*, 
tastes  and  inclinations  of  those  engaged  in  it.  Much  will  dei)end  npon 
the  teacher;  much,  also,  upon  the  character  of  the  school  and  the  age 
and  i)revions  tiaining  of  the  ]mpils.  If  the  teacher  has  a  moderate 
share  of  inventiveness  there  will  be  little  dilliculty.     The  chief  thing 
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is  to  have  the  pupils  interested  in  what  they  do,  and  if  they  are  taken 
into  confidence  by  the  teacher  and  invited  to  otter  suggestions,  they 
will  often  make  a  plan  so  sensible  and  satisfactory  as  almost  to  relieve 
the  teacher  from  any  burden  of  care  in  regard  to  it. 

Of  course  it  is  piesunied  that  the  pupils  are,  to  some  extent,  pre- 
pared beforehand  for  the  celebration  of  Arbor  Day  by  having  it  spoken 
of  by  the  teacher  and  its  objects  explained,  and  that  there  has  been 
more  or  less  talk  on  the  part  of  the  teacher  and  readings  about  trees 
and  plants  and  some  familiarity  with  them  and  with  the  elements,  at 
least,  of  vegetable  physiology.  It  is  supposed  also  that  the  history 
and  character  of  distinguished  persons  in  honor  of  whom  it  is  proposed 
to  plant  trees  will  have  been  studied. 

As  the  time  of  celebration  draws  nigh,  therefore,  let  there  be  a  con- 
ference between  teacher  and  pupils  as  to  the  method  to  be  adopted. 
First,  as  to  the  tree  planting.  Where  is  it  to  be — on  the  school  ground 
or  on  some  highway,  or  in  some  park?  Is  it  to  be  done  by  the  school  or 
schools  alone,  or  in  cooperation  with  a  larger  general  movement  of  the 
inhabitants  of  the  place  for  the  improvement  of  its  appearance  by  a 
systematic  planting  of  trees  on  the  streets  and  elsewhere?  How  many 
trees  will  the  school  undertake  to  plant?  What  kinds  of  trees  will 
they  plant?  The  decision  of  the  last  question  will  depend  upon 
where  the  planting  is  to  take  place  and  whether  it  is  to  be  done  by  the 
school  alone  or  in  concert  with  others.  If  the  planting  is  to  be  upon  the 
school  premises,  it  may  be  desirable  to  plant  different  trees  from  those 
which  might  be  selected  for  the  street  or  the  park.  If  the  planting  is 
to  be  done  in  concert  with  others,  a  village  improvement  society  for 
instance,  then  the  choice  of  trees  will  properly  be  left  to  such  society. 

But  these  preliminary  questions  having  been  decided,  in  order  that 
all  may  go  smoothly  on  Arbor  Day,  and  to  provide  against  the  impedi- 
ments of  unfavorable  weather  at  that  time,  it  is  desirable  to  have  a  com- 
mittee of  the  older  pupils  appointed  to  see  that  the  designated  trees  are 
procured  beforehand,  and  that  holes  are  properly  prepared  for  their  recep- 
tion, so  that  there  may  be  no  unnecessary  delay  at  the  time  of  planting. 

These  arrangements  having  been  made,  it  remains  to  be  decided  with 
what  ceremonies  or  exercises  the  tree  planting  shall  be  accompanied. 
The  programme  in  this  respect  will  be  more  or  less  elaborate  according 
to  the  age  of  the  pupils,  the  customs  of  the  place,  and  the  extent  to 
which  the  Arbor  Day  spirit  has  been  already  developed.  But  let  it  be 
remembered  that  this  is  eminently  the  children's  da^^,  and  that  we  all 
like  ceremonies,  on  special  occasions  at  least.  And  if  the  grown-up 
man  needs  drum  and  fife,  epaulets  and  plumes  and  banners,  and  the 
measured  march  and  countermarch  to  make  his  soldiering  satisfactory, 
the  children  may  well  be  invited  on  Arbor  Day  to  march  along  the 
streets  to  the  music  of  their  own  familiar  songs,  wearing  such  scarfs 
and  badges  as  they  choose  to  decorate  themselves  with,  and  carrying 
aloft  their  banners  with  the  pride  of  young  patriots  and  scholars. 
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It  will  be  well  for  the  pupils  to  assemble  with  their  teachers  at  the 
schoolroom  in  the  morning  and  spend  a  portion  of  the  day — parents 
and  friends  being  present  also — in  listening  to  addresses  from  any  who 
may  have  been  invited  beforehand  to  speak  to  them.  Essays  may  also 
be  read  by  the  older  pupils.  These  may  be  interspersed  with  songs 
and  recitations  and  familiar  talks  about  trees  and  plants.  Later  in  the 
day,  in  the  afternoon,  perhaps,  the  planting  of  the  trees  will  take 
place,  songs,  addresses,  and  recitations  accompanying  the  planting  of 
each  tree.  The  character  of  the  weather  will  determine  how  much  qf 
the  exercises  shall  take  place  in  the  open  air  and  how  much  in  the 
schoolroom  or  elsewhere.'  It  is  the  custom  in  some  ])laces,  and  a  very 
good  custom  it  is,  for  all  the  schools  to  come  together  at  some  central 
place,  after  the  planting  is  finished,  and  for  the  older  people,  who  have 
been  engaged  in  tree  planting,  to  meet  with  them  and  all  report  what 
they  have  done,  and  end  the  day  with  an  hour  or  two  around  a  Avell 
spread  table,  and  with  music,  songs,  and  perhaps  pleasant  games. 


ADDRESSES  AND  EXTRACTS. 

The  following  address  by  Hon.  J.  Sterling 
Morton,  delivered  April  22,  1887,  at  the  State 
University,  Lincoln,  Nebr.,  has  a  fitting  place  in 
a  manual  of  Arbor  Day: 

ARBOR  DAY:  ITS  ORIGIN  AND  GROWTH. 

Ladies  and  Gentlemen:   Just  as   stars  in  the  sky 

brighten  all  the  firmament  with  light,  so  holidays  and 

anniversaries    connnemorate    exalted    characters,   recall 

noble  deeds,  and  perpetuate  pure  principles,  illumine  tlie  arena  of  human  life,  and 

light  up  the  higher  pathways  for  manly  effort  and  ambition. 

Ordinary  holidays  are  retrospective.  They  honor  something  good  and  great  which 
has  been,  and,  by  its  exaltation,  commend  it  to  the  emulation  of  mankind.  Thus  the 
past  is  made  to  inspire  the  present,  and  the  present  to  reach  into  and  influence  the 
immeasurable  and  unknowable  future. 

But*'Arbor  Day" — Nebraska's  own  home-invented  and  home-instituted  anniver- 
sary— which  has  been  already  transplanted  to  nearly  every  State  m  the  American 
Union,  and  even  adopted  in  foreign  lands,  is  not  like  other  holidays.  Each  of  those 
rejjoses  upon  the  past,  while  Arbor  Day  proposes  for  the  future.  It  contemplates, 
not  the  good  and  the  beautiful  of  past  generations,  but  it  sketches,  outlines,  estab- 
lishes the  useful  and  the  beautiful  for  the  ages  yet  to  come.  Other  anniversaries 
stand  with  their  backs  to  the  future,  peering  into  and  worshipping  the  past;  but 
Arbor  Day  faces  the  future  with  an  affectionate  solicitude,  regarding  it  as  an  artist 
his  canvas,  and  etches  ujjon  our  prairies  and  jdains  gigantic  groves  and  towering  for- 
estsof  waving  trees,  which  shall  for  our  posterity  become  consummate  living  i)icture8, 
cotiipared  to  which  the  gorgeous  colorings  of  Rubens  are  tame  and  insignificant. 

The  wooded  landscape  in  sunlight  and  in  shadow,  which  you— in  the  trees  you 
have  planted  to-day— have  only  faintly  limned,  shall  in  the  future  fruition  of  their 
summer  beauty  compel  the  admiration  and  gratitude  of  men  and  women  now  unborn, 
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who  shall  see  with  interest  and  satisfaction  their  symmetry  and  loveliness.  As  one 
friend  hands  to  another  a  houquet,  so  this  anniversary  sends  greetings  and  flowers, 
foliage  and  fruit,  to  posterity.  It  is  the  sole  holiday  of  the  human  family  which 
looks  forward  and  not  backward. 

Arhor  Day  originated  in  Lincoln  ou  January  4,  1872.  Upon  that  day  the  festival 
was  instituted  by  a  resolution  of  the  Nebraska  State  board  of  agriculture.  It  was 
my  good  fortune  to  have  thought  out  this  plan  for  popularizing  arboriculture  and  to 
have  originated  the  term  or  phrase  "Arbor  Day"  and  to  have  written,  submitted, 
and  advocated  that  resolution,  and  thus  to  have  established  this  anniversary.  It 
will  grow  in  popular  esteem  frouj  year  to  year,  until  finally  it  shall  be  observed  uni- 
versally throughout  the  Union  of  American  States. 

It  has  become  the  scholastic  festival  of  our  times.  Common  schools,  colleges,  and 
universities  have  taken  its  practical  observance  under  their  own  special  and  intelli- 
gent direction.  The  zeal  of  youth  and  the  cultured  love  of  the  beautiful  combine  to 
perpetuate  and  to  popularize  it. 

That  which  should  survive  in  America  must  harmonize  with  education  and  refine- 
ment. Whatsoever  the  schools,  the  teachers,  and  the  pupils  shall  foster  and  encour- 
age, shall  live  and  flourish,  mentally  and  morally,  forever.  Students,  scholars,  and 
philosophers  have  ever  been  associated  with  trees  and  their  conservation.  The 
Acadeuieia  of  Athens  where  Socrates  and  Plato  taught  was  only  a  grove  of  plane 
trees.  There  rhetoric,  logic,  and  philosophy  were  given  to  the  youth  of  Greece  by 
those  majestic  men,  whose  great  thoughts  more  than  two  thousand  years  after  their 
death  are  still  vitalizing  and  energizing  the  world  of  mind.  The  plane  tree  that 
Agamemnon  planted  at  Delphos;  the  one  grown  by  Menelaus,  the  husband  of  Helen 
of  Troy;  and  that  one  which  so  charmed  Xerxes  with  its  snrpassless  beauty,  when 
invading  Greece  with  his  great  army,  that  he  remained  one  entire  day  wrapped  in 
its  admiration,  encircling  it  with  a  gold  band,  decking  it  with  precious  jewels,  hav- 
ing its  figure  stamped  upon  a  "golden  medal,  and  by  his  delay  losing  his  subsequent 
battle  with  the  Greeks — these  are  all  historic  trees  and  yet  strangers  almost  to  the 
average  reader. 

But  the  beautiful  avenues  and  tranquil  shades  of  the  grand  plane  tree,  which 
adorned  the  Academeia  of  Athens,  are  familiar  to  every  student.  The  voice  of 
Socrates  mingled  with  the  music  of  their  waving  boughs  and  Plato  mused  beneath 
their  far-extending  shadows.  Thus  the  first  fruits  of  philosophy  are  borne  to  us 
with  the  fact  that  Grecian  civilization  was  a  tiee-plauting  civilization.  And  the 
transmitted  wisdom  of  those  ages  illustratcis  how  niarvelously  trees  and  learning 
have  always  been  intimately  associated  together. 

Upon  the  inner  bark,  called  "liber,"  of  trees  came  the  annals,  the  lore  of  all  the 
ancient  world's  written  life  inscribed  by  the  stylus.  Not  only  from  tree  bark  has 
the  intellect  of  man  taken  the  record  of  its  early  development,  but  even  the  word 
"library,"  which  embraces  all  the  conserved  thoughts  of  all  the  thinking  ages, 
comes  from  the  inner  bark  of  a  tree.  And  the  word  "book,"  take  either  derivation 
you  choose,  comes  from  one  in  German  or  Saxon  or  Scandinavian,  meaning  beech 
wood,  because  in  the  dawn  of  learning  all  records  were  written  on  beech  boards, 
and  the  leaf  and  the  folio  which  make  u]»  the  book  came  to  us  also  from  the  trees. 

But  leaving  ancient  times,  ceasing  to  trace  tree  ancestry  from  words,  and  reluc- 
tantly remaining  silent  as  to  many  delightful  delusions  concerning  the  sacred  groves 
of  Greece  and  Rome  and  their  storied  genii,  who  gave  wisdom  to  sages  and  judgment 
to  lawmakers,  and  skipping  likewise  all  the  tree  lore  and  tree  metai>hor  in  the 
Bible — and  that  is  indeed  self-denial  on  an  occasion  like  this — let  us  see  how  forests 
and  our  English  ancestry  are  indissolubly  connected,  and  how,  by  the  very  law  of 
heredity,  we  should  all  become  auuiteur  foresters. 

The  Druids  first  planted  forests  and  groves  in  England.  In  the  misty  twilight 
between  barbarism  and  civiliz.itiou  the  teachers  and  students  of  Great  Britain  were 
Druiils.     All  their  discourses  and  ceremonies  transpired  in  the  oaken  groves  and 
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sacred  orchards  of  their  own  planting,  and  Pliny  declares  the  word  ''Druid"  to 
have  come  from  the  Greek  word  drua—an  oak.  And  while  no  Druid  oaks  now 
remain,  there  are  still  iu  England  many  very  venerable  trees.  Among  them  are  the 
Damory  oak,  of  Dorsetshire,  2,000  years  of  age;  Owen  Glendower's  oak  at  Shelton, 
near  Shrewsbury,  from  the  branches  of  which  that  chieftain  looked  down  upon  the 
battle  between  Henrj'^  IV  and  Henry  Percy  in  1403.  The  great  oak  of  Magdalen 
College,  Oxford,  was  a  sturdy  sapling  when  nine  hundred  years  ago  Alfred  the  Great 
founded  that  institution  of  learning.  It  received  injuries  during  the  reign  of 
Charles  I  which  at  the  close  of  the  last  century  caused  its  decay  and  death. 

Windsor  Forest  is  notable  also  for  its  majevstic  oaks  of  great  age,  one  of  them 
known  to  have  withstood  more  than  a  thousand  years  of  winter  and  summer  storms. 
Not  many  decades  have  passed  since  Heme's  oak,  which  had  borne  that  hunter's 
name  from  the  reign  of  Elizabeth,  was  blown  down.  In  the  Merry  Wives  of  Wind- 
sor, Shakespeare  has  told  its  story  Elizabeth,  who  was  first  saluted  at  Hatfield  as 
"the  Queen  of  England,"  in  the  shade  of  the  towering  trees  of  oak  which  line  its 
broadest  avenues,  greatly  encouraged  agriculture,  and  was  among  the  first  English- 
speaking  advocates  of  forestry. 

W^hen  Columbus  was  seeking  a  new  world,  his  crew,  anxious  and  incredulous,  even 
unto  mutiny,  the  waves  bore  out  to  his  ship  twigs  and  foliage  from  the  forests  of 
the  unknown  land,  giving  him  hope,  faith,  victory  even,  as  the  dove  with  the  olive 
branch  had  carried  God's  peace  to  Noah  centuries  before. 

Nearly  two  hundred  years  after  Columbus  came  the  Puritans,  and  then  began  the 
war  upon  the  woodlands  of  America.  Since  then,  ax  in  hand,  the  race  has  advanced 
from  the  Atlantic  Seaboard  westward  for  more  than  two  centuries,  devastating  forests 
with  most  unreasoning  energy,  always  cutting  them  down,  and  never  replanting 
them.  Hewing  their  way  through  the  Eastern  and  Middle  States,  the  pioneers  have 
wantonly  destroyed  without  thought  of  their  posterity  millions  upon  millions  of 
acres  of  primeval  woodlands. 

Cleaving  right  and  left  through  Ohio,  Michigan,  and  Indiana,  felling  giant  trees, 
rolling  them  into  log  heaps  and  destroying  them  by  fire,  emigration  emerged  upon 
the  treeless  plains  of  Illinois  and  the  Northwest. 

Nature  teaches  by  antithesis.  When  sick  we  learn  to  value  health ;  when  blind 
we  realize  the  beneficence,  the  surprising  and  delicious  sense  of  sight;  when  deaf 
we  dream  of  the  music  we  loved  to  hear,  and  melodies  forever  dead  to  the  ear  float 
through  the  mind  that  is  insulated  from  sound  like  sweet  memories  of  the  loved 
and  lost.  So  these  treeless  plains,  stretching  from  Lake  Michigan  to  the  Rocky 
Mountains,  were  unfolded  to  the  vision  of  the  pioneer  as  a  great  lesson  to  teach 
him,  by  contrast  with  the  grand  forests  whence  he  had  just  emerged,  the  indispen- 
sability  of  woodlands  and  their  economical  use.  Almost  rainless,  only  habitable  by 
bringing  forest  products  from  other  lands,  these  prairies,  by  object  teaching,  incul- 
cated tree  planting  as  a  necessity  and  the  conservation  of  the  few  fire  scarred  forests 
along  their  streams  as  an  individual  and  public  duty.  Hence  out  of  our  physical 
environments  have  grown  this  anniversary  and  the  intelligent  zeal  of  Nebraskans  in 
establishing  woodlands  where  they  found  only  the  monotony  of  plain,  until  to-day 
this  State  stands  foremost  in  practical  forestry  among  all  the  members  of  the  Amer- 
ican Union. 

An  arboretum  is  to  tree  culture  what  a  university  is  to  mental  life.  The  skilled 
forester  gathers  in  the  former  all  varieties  of  trees,  studies  tlu^  habits  and  require- 
ments of  each,  and  stimulates  growth  and  defines  forms  by  all  the  appliances  of  his 
art.  In  the  universities  are  collected  human  intellects  of  all  typos  and  all  degrees 
of  strength  and  quickness.  Here,  as  among  the  trees,  are  all  the  inexorable  and 
inefiaceable  results  of  the  operations  of  the  law  of  heredity.  Here,  as  in  the 
arboretum,  we  an;  taught  I  hat  though  nurture  may  do  much,  nature  does  most. 

The  Cottonwood  can  never  become  an  oak,  but  it  can  pass  the  oak  in  the  race  for 
maturity.    It  can  even  aid  the  oak  to  become  more  stately  in  form,  to  grow  straighter 
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and  taller  than  when  left  to  itself,  without  the  competition  of  more  swiftly  shooting 
trees.  A  row  of  acorns  planted  between  two  lines  of  infant  cotton  woods  will  come 
up  and  make  an  effort  to  reach  sunlight,  up  beyond  the  shadows  of  their  soft-wood 
competitors,  which  oaks  never  make  when  planted  by  themselves.  Thus  in  the 
arboretum  the  less  is  made  to  act  as  a  nurse  and  guardian  to  the  more  valuable 
tiuiber.  At  Arbor  Lodge  some  years  since,  in  1865,  I  plaute<l  a  long  row  of  black 
walnuts  between  two  ranks  of  swiftly  growing  soft-wood  trees — maple  on  one  side 
and  Cottonwood  on  the  other.  During  these  twenty  years  I  have  watched  the 
walnuts  growing  symmetrically  and  beautifully  to  great  height,  in  their  struggle  to 
reach  the  light  up  and  beyond  the  shade  of  their  less  valuable  contemporaries  and 
co-tenants.  They  arc  higher,  better  trees  than  they  would  have  been  without  the 
rivalry  of  their  neighbors — their  classmates. 

So  mind  by  contact  with  mind  an<l  struggle  of  brain  with  brain  is  improved.  The 
mediocrity  of  one  is  almost  obliterated  by  contests  with  tbe  superiority  of  another. 
Just  as  trees  seek — must  have — sunlight,  just  as  they  reach  up  into  the  sky  for  it  out 
from  shade,  so  the  mind  in  competitive  seeking  after  knowledge  ever  exalts  itself, 
perfects  and  embellishes  itself.  A  dull  brain  developing  in  solitude  is  dwarfed  and 
gnarled  like  a  lone  oak  on  tbe  prairie ;  but  associated  with  the  sharp,  quick  perceptions 
of  its  superiors,  it  becomes  a  better  brain,  and  bestows  benefits  upon  mankind  where 
in  solitude  it  would  have  withered  into  fruitlessness.  The  Avonderful  similitudes 
between  tree  life  and  human  life  are  almost  innumerable.  They  have  been  recog- 
nized in  all  ages,  and  man's  metaphors  for  all  that  is  beautiful,  useful,  desirable, 
and  immortal  have  been,  since  written  language  began,  largely  drawn  from  sylvan 
life.  The  ''Tree  of  Knowledge,'  the  ''Tree  of  Liberty,"  the  ''Tree  of  Everlasting 
Life''  have  been  planted  in  all  poesy;  they  have  bloomed  in  all  literature  from  the 
remotest  of  historic  times.  Books  not  drawing  simile,  metaphor,  or  other  figure  of 
speech  from  tree  life  have  been  rare  indeed.  But  the  most  beautiful  tree,  with  its 
sheltering  arms  and  its  many-voiced  foliage  singing  in  the  breeze,  dancing  in  the 
sunbeams,  and  motioning  to  its  own  reflections  on  the  greensward  mirror  below,  with 
all  its  lustrous  burden  of  fruit  or  flowers  shimmering  in  the  light,  has  a  lower  life 
invisible  to  us.  Deep  in  the  dark,  damp  earth  its  rootlets  are  groveling  for  exist- 
ence— seeking  here  and  there  all  manner  of  rottenness  and  feeding  thereon  with 
gluttonous  avidity.  Up  in  the  clouds,  gilded  with  sunshine,  resplendent  with  color- 
ing, nods  the  stately  head ;  but  down  in  the  darkness  and  dirt  are  its  supporters. 

And  as  trees  thus  lead  a  dual  life,  an  upper  and  a  lower,  so  does  man.  The  intel- 
lect, the  reason,  bathes  in  the  light  of  knowledge.  It  scales  the  height  of  the  firma- 
ment and  reads  the  story  of  tlie  stars.  It  descends  into  the  profoundest  depths  of 
the  spa  and  wrenches  the  secn^ts  of  creation  from  the  rocks  and  shoals.  Beautiful, 
symmetrical,  flashing,  and  entrancing  as  a  grand  oak  in  autumn  when  crowned  with 
gorgeous  gold  and  crimson  and  purple  leaves  is  the  sturdy  mind  of  a  mature  man, 
who,  in  tcmijerauce  and  tranquillity,  has  during  a  useful  life  grown  strong  in 
knowle  ge,  in  truth,  fidelity,  and  honor. 

Man's  intellectual  life  must  dominate.  His  lower  life  must  be  subservient.  His 
mentality,  like  the  tree  top  with  its  foliage,  flowers,  and  luscious  fruit,  alone  bestows 
the  blessings.  That  is  man's  higher  life,  and  where  it  governs,  man  is  man  as  nature 
meant  man  to  T)e.  The  small  trees  of  to-day's  planting  will  develoj)  into  the  groves 
and  forests  of  the  future.  They  will  contribute  the  materials  for  ships,  railroads, 
business  edifices,  and  homes,  to  be  used  by  those  who  are  born  in  coming  centuries. 

The  almost  infinite  possibilities  of  a  tvee  germ  came  to  my  mind  last  summer  w  hen, 
traveling  in  a  railway  carriage  amid  the  beautifully  cultivated  fields  of  Belgium,  a 
cotton  wood  seed  on  its  wings  of  down  drifted  into  my  compartment.  It  came  like  a 
materialized  whisper  from  home.  Catching  it  in  my  hand  1  forgot  the  present  and 
wandered  into  the  past  to  a  floating  mote  like  that,  which  had  years  and  years 
before  been  planted  by  the  winds  and  currents  on  the  banks  of  the  Missouri.  That 
mote  had  taken  life  and  root  and  growing  to  splendid  proportions  until  in  1854  the 
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ax  of  the  pioneers  bad  vauquished  it,  and  the  saw,  seizing  it  with  relentless, 
whirling  teeth,  had  reduced  it  to  lumber.  From  its  treebood  evolved  a  human  habita- 
tion, a  home — my  home — wherein  a  mother's  love  bad  blossomed  and  fruited  with  a 
sweetness  surpassing  the  loveliness  of  the  rose  and  the  honeysuckle.  Thus  from  that 
former  feathery  floater  in  mid-air  grew  a  home  and  all  the  endearing  contentment 
and  infinite  satisfaction  which  that  blessed  Anglo-Saxon  word  conveys — that  one 
word  which  means  all  that  is  worth  living  for  and  for  which  alone  all  good  men  and 
women  are  living. 

Here  are  a  few  acorns  to-day;  to-morrow,  a  century  hence,  they  are  sturdy  oaks, 
then  ships,  railroads,  carriages,  and  everything  useful,  and  parts  of  homes  which  are 
all — in  both  poetry  and  reality — that  is  lovable,  beautiful,  and  supremely  tender  in 
the  career  of  humanity  from  birth  to  death.  The  real  of  to-day  was  the  ideal  of 
yesterday;  the  ideal  of  to-day  will  be  the  real  of  to-raorrow. 

And  as  arboretums  are  developing  the  infant  forests,  nursing  tremendous  timbers, 
whence  masts  and  spars  and  sills  and  joists  shall  emerge  into  swiftly  sailing  ships 


and  massive  marts  of  trade,  which  are  to  convey  and  cover  the  commerce  of  coming 
times,  so  in  the  schools,  the  colleges,  and  universities  are  growing  the  mental  timber 
whence  the  State  shall  cull  in  the  near  future  those  pillars  and  supports  which  aid 
to  l)ear  up  forever  in  America  civil  and  religious  liberty;  that  is,  freedom  to  think, 
freedom  to  speak,  freedom  to  trade,  freedom  to  develop  individualism,  and  to  assert 
its  consciousuess  of  riglit  without  fear  either  of  sectarian  or  partisan  bigotry.  Let 
us  all,  then,  each  in  his  vocation  and  sphere,  plant  wisely  for  the  years  to  come, 
rather  than  dwell  dej(;ctedly  upon  the  years  gone  and  going — the  farmer,  his  forest 
and  orchard,  the  teacher  his  science  and  morals.  Improved  materially  by  the  former, 
intellectually  by  the  latter,  the  world  will  well  with  gratitude  to  both.  But  tree 
pltftater  and  teacher  united  in  one  shall  be  declared  the  best  benefactor  of  modern 
times — the  chief  j)rovider  for  ])08terity. 

On  the  10th  day  of  July,  1886,  from  the  crowded,  hurrying  streets  of  I^ondon  I 
loitered  into  the  solemn  aisles  of  St.  I'aul's  Cathedral.  Around  on  every  side  were 
the  statues  of  England's  lieroes.  Upon  tablets  of  brass  and  marble  were  inscribed 
their  eulogiums.      In  fierce  warfare  on  wave  and  field  they  had  exalted  English 
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courage  and  won  renown  for  England's  arms.  Nelson  and  Wellington,  victors  by 
sea  and  land,  were  there,  and  hundreds  more  whose  epitaphs  Avere  written  in  blood 
which,  as  it  poured  from  ghastly  wounds,  had  borne  other  mortals  to  the  unknown 
world.  Few  men  who  won  distinction  in  civil  life  are  entombe<l  at  St.  Paul's,  but 
among  them  is  th<!  gifted  architect,  Sir  Christopher  Wren,  in  whose  brain  the  con 
cept  of  St.  Paul's  Cathedral  had  a  mental  (existence  before  it  materialized  in  massivo 
marble.  His  epitaph  is  i)lain,  brief,  truthful,  impressive;  it  is  one  which  each  hon- 
orable man  in  all  the  world  may  humbly  strive  for  and  become  the  better  for  the  striv- 
ing; it  is  one  which  every  faithful  disciple  of  horticulture,  of  fonjstry,  will  deserve 
from  his  friends,  his  family,  and  his  country  ;  vast  orchards  which  he  has  planted  and 
the  great  arnis  of  towering  elms,  spreading  their  soothing  shade  like  a  benediction 
over  the  weary  wayfarer  who  rests  at  their  feet,  and  all  the  fluttering  foliage  whis- 
pering to  the  wanton  winds  shall  tell  the  story  of  his  benefaction  to  humanity,  arbor- 
phoning  that  epitaph  with  perennial  fidelity,  "Si  qnaeris  montimentnm,  circnm- 
spice" — If  you  seek  my  monument,  look  around  you. 

Ax)propiiately  following-  the  Jiddress  of  Mr.  Morton,  some  extracts 
from  ail  address  of  the  Hon.  B.  G.  Northrop,  on  Arbor  Day,  before  the 
Massachusetts  Horticultural  Society,  have  place  here: 

OBSERVANCE  OF  ARBOR  DAY  BY  SCHOOLS. 

In  this  g^and  work  initiated  by  Governor  Morton  [J.  Sterling  Morton],  its  appli- 
cation to  schools  was  not  named.  The  great  problem  then  was  to  meet  the  urgent 
needs  of  vast  treeless  prairies.  At  the  meeting  of  the  American  Forestry  Associa- 
tion, held  at  St.  Paul,  Minn.,  in  August,  1883,  a  resolution  which  I  offered  in  favor 
of  observing  Arbor  Day  in  schools  in  all  our  States  and  in  the  provinces  of  the 
Dominion  of  Canada  (the  association  being  international)  Avas  adopted,  and  a  com- 
mittee to  push  that  work  was  appointed.  Continued  as  their  chairman  from  that 
day  to  this,  I  have  presented  the  claims  of  Arbor  Day  personally  or  by  letter  to  the 
governor  or  State  school  superintendent  in  all  our  States  and  Territories.  My  first 
efforts  were  not  encouraging.  By  men  in  high  positions  Arbor  Day  was  deeme«l  an 
obtrusive  innovation.  It  was  no  surprise  to  me  when  my  paper  on  ''Arbor  Day  in 
Schools,"  read  at  the  National  Educational  Association  (department  of  superintend- 
ence) at  Washington,  in  February,  1884,  (tailed  out  the  comment,  ''This  8ul)Je(t  is 
out  of  place  here."  Though  that  paper  was  printed  by  the  United  States  Bureau  of 
Education,  it  was  a  grateful  surprise  that  the  next  meeting  of  the  National  Educa- 
tional Association,  held  in  August  of  the  same  year,  at  Madison,  Wis.,  with  an 
unprecedentedly  large  attendance,  unanimously  adopted  my  resolution  in  favor  of 
Arbor  Day  in  schools  in  all  our  States. 

The  logic  of  events  has  answered  objections.  Wherever  it  has  been  fairly  tried,  it 
has  stood  the  test  of  experience.  Now  such  a  day  is  observed  in  forty  States  and 
Territories  in  accordance  with  legislative  act,  or  by  special  reconnnendation  of  the 
governor  or  State  school  superintendent,  or  the  State  grange,  or  the  State  horticul- 
tural and  agricultural  societies,  and  in  some  States,  as  in  Connecticut,  by  all  these 
combined.  It  has  already  become  the  most  interesting,  widely  observed,  and  useful 
of  school  holidays. 

Arbor  Day  has  fostered  love  of  country.  Now  that  the  national  flag  with  its  forty- 
four  stars  floats  over  all  the  schoolhouses  in  so  many  States,  patriotism  is  effectively 
combined  with  the  Arbor  Day  addresses,  recitations,  and  songs.  Among  the  latter, 
the  "Star  Spangled  Banner''  and  "America"  usually  find  a  place.  Who  can  esti- 
mate the  educating  influence  already  exerted  upon  the  myriads  of  youth  who  have 
participated  in  these  exercises? 

To  the  teaching  of  forestry  in  schools,  it  is  objected  that  the  course  of  study  is 
already  overcrowded— and  this  is  true.  But  I  have  long  urged  that  trees  and  tree 
life  and  culture  form  a  flt  subject  for  the  oral  lessons  now  common  in  all  our  best 
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schools.  When  agent  of  the  board  of  education  of  Massachusetts  I  sometimes  took 
to  the  schools  and  institutes  a  collection  of  our  common  ^vood8,  as  an  object  lesson, 
one  of  many  aids  in  observation,  discriminating  wood  by  the  grain.  The  same  plan 
was  occasionally  tried  in  Connecticut,  and  with  good  results.  To  give  one  of  many 
illustrations:  A  citizen  of  Norfolk,  Conn.,  offered  eighteen  volumes  of  Appleton's 
Science  Primers  to  any  pupil  who  should  gather  and  arrange  the  largest  and  best 
collection  of  the  different  kinds  of  wood,  shrub,  or  vine  growing  in  that  town. 
Great  interest  was  awakened,  and  135  varieties  were  gathered  by  all  the  competitors, 
of  which  the  collection  of  Washington  Beach  (who  won  the  prize)  numbered  125. 
What  a  discipline  in  ciuickness  and  accuracy  of  percejjtion  those  schoolboys  gained 
while  exploring  the  fields,  hills,  and  mountains  of  this  large  town,  and  discriminat- 
ing all  these  varieties  ])y  the  grain  or  bark!  With  no  interruption  of  studies,  there 
was  a  quickened  zest  and  vigor  for  school  work,  and,  best  of  all,  that  rare  and  price- 
less attainment,  a  trained  eye.     *     »     * 

Those  talks  on  trees,  Avhich  Superintendent  Peasleesays  ''were  the  most  profitable 
lessons  the  pupils  of  Cincinnati  ever  had  in  a  single  day,"  occupied  only  the  morning 
of  Arbor  Day,  the  afternoon  being  given  to  the  practical  Avork.  Since  1883  our 
schools  have  rendered  new  service  to  the  State  as  well  as  to  their  pupils  by  leading 
them  to  study  the  habits  of  trees,  and  apj)reciate  their  value  and  beauty — thus  tend- 
ing to  make  practical  horticulturists  and  arborists.  How  many  of  these  children  in 
maturer  years  Avill  learn  from  happy  experience  that  trees,  like  grateful  children, 
bring  rich  filial  returns,  and  compensate  a  thousand  fold  for  all  the  care  they  cost. 
George  William  Curtis  says,  ''Arbor  Day  will  make  the  country  visibly  more  beauti- 
ful year  by  year.  Every  school  district  will  contribute  to  the  good  work.  The 
schoolhouse  Avill  gradually  become  an  ornament  of  the  village  and  the  children  will 
be  put  in  the  way  of  living  upon  more  friendly  and  intelligent  terms  with  the  bounti- 
ful nature  which  is  so  friendly  to  us." 

Kindred  in  sentiment  with  the  address  of  Secretary  Morton  and  the 
remarks  of  Dr.  Northrop  are  the  following  words  of  Dr.  E.  E.  Higbee, 
the  late  distinguished  State  superintendent  of  public  instruction  of 
Pennsylvania : 

ARBOR  DAY  FOR  THE  COMMONWEALTH. 

Recognizing  the  peculiar  fitness  of  the  executive  proclamation  fixing  an  Arbor  Day 
for  the  Commonwealth,  it  has  been  our  effort  and  pleasure  to  make  it  in  every  way 
as  efficient  for  good  as  possible  in  relation  to  our  public  schools.  Here,  among  the 
children,  habits  of  thought  and  feeling  in  regard  to  the  benefits  and  uses  of  tree 
planting  can  be  formed,  which  will  deter  them,  it  is  hoj^ed,  from  that  destructive 
greed  Avhich  has  forgotten  the  A'alue  and  beauty  of  green  woodlands  and  parks,  and 
the  glory  of  shadowy  hills  and  leaf-hidden  streams  where  the  trout  snaps  the  unwary 
fly  and  the  liverworts  peep  out  from  the  dewy  moss  and  Avake-robins  nod  their  heads 
to  the  answering  ferns.  Children  need,  in  their  innocent  up-springing,  to  have  room 
to  get  aAvay  from  the  garish  sun  and  rest,  as  upon  a  mother's  bosom,  in  the  twilight 
silence  of  the  groAving  woods.  We  have  endeavored  to  keep  in  view,  so  far  as  pos- 
sible, the  educaf  ional  i)Ower  of  such  things  by  urging  that  our  school  grounds  be 
supplied  Avith  shade  trees  and  shrubs  and  flowers,  and  that  the  naked  Avails  of  our 
school  buildings  be  trellised  over  with  vines.  Children  feel  most  doe2)ly  the  ministry 
of  that  which  charms  the  eye. 

We  are  what  nun  ami  wiiuls  and  waU^r  make  us; 
The  iiiuuiitaiuM  am  our  HpoiiHors,  and  tlui  rills 
FaHliioii  and  win  their  nurHling  with  their  hiuIIoh. 

Unconsciously  each  impression  of  such  character  sinks  into  the  tender  depths  of 
their  souls  and  there  it  remains  as  in  reflection  do  the  willows  in  the  i)lacid  stream. 
In  fact,  the  scenes  of  nature  are  perennial  companions,  growing  more  friendly  from 
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year  to  year.  Those  most  familiar,  wherever  we  may  be,  are  ever  entering  the  study 
of  our  imagination  and  often  giving  direction  even  to  our  acts.  "The  shepherd,"  as 
with  exciuisite  pathos  lias  heen  said  hy  Wordsworth,  **is  half  a  shepherd  on  the 
stormy  sea,  and  hears  in  piping  shrouds  the  tones  of  waterfalls  and  inland  sounds  of 
caves  and  trees;  and  in  the  bosom  of  the  deep  sees  mountains,  sees  the  forms  of  sheep 
that  grazed  on  verdant  hills." 

Ar])or  Day,  repeated  in  our  schools  from  year  to  year,  will  cultivate  a  reverent  love 
of  nature,  will  lead  our  children  to  value  studious  walks  along  our  streams  and  hills 
and  through  our  winding  valleys  and  wide,  windy  8weoi)8  of  harvest  fields  and 
meadows,  and  into  our  bosky  dells  to  waken  cour- 
teous lOcho  to  give  them  answer  from  her  mossy 
conch. 

There  is,  indeed,  a  power  and  a  culturing  beauty 
in  all  this  which  every  child  may  ex])erience  if  he 
will;  and  Arbor  Day  serves  to  enforce  it  upon  his 
thought.  Why  should  not  our  school  children 
cherish  a  holidaj'  which  Tirings  them  into  direct 
sympathy  with  the  sweet  companionship  of  man 
with  nature?  Why  should  they  not  offer  their  aid 
in  giving  to  our  school-grounds  green  lawns  over 
which  the  wind-stirred  trees  may  scatter  gold  and 
porphyry — where  the  laughing  dafltbdils  may  wel- 
come the  returning  swallows,  and  glowing  clusters 
of  chrysanthemums  may  soften  the  cold  of  autumn 
winds  with  thoughts  of  summer  ?  Why  should  they 
not  surround  their  school  home,  which  they  must 
so  soon  leave  for  the  harsh  toil  of  business  life,  with 
all  that  can  make  the  memory  of  it  a  joy  forever? 

VALUE  AND  USES  OF  ARBOR  DAY 

A  very  just  tribute  to  the  value  aud  uses 
of  Arbor  Day  will  be  found  in  the  address 
of  Prof.  George  Mull,  of  Frauklin  aud  Mar- 
sh all  College,  in  connection  with  the  observ- 
ance of  the  day  at  the  High  School,  Lan- 
caster, Pa.: 

Arbor  Day  is  no  longer  a  novelty,  confined  here 
and  there  to  isolated  districts,  and  attracting  atten- 
tion in  the  minds  of  few  as  a  conspicuous  evidence 
of  an  enlightened  public  sentiment  in  a  few  favored 
localities.  A  good  thing  is  always  sure  to  make  its 
way,  and  it  can  not  be  said  that  this  particular 
good  thing  wiiich  claims  our  consideration  to-day 
was  slow  in  making  its  way  into  the  heart  of  ])ublic-school  life  throughout  the 
length  and  breadth  of  our  country.  Scarcely  heard  of,  barely  thought  of,  a 
few  years  ago,  it  was  possible  to  make  the  statement,  at  the  American  Forestry 
Congress,  last  December,  that  Arbor  Day  is  now^  kept  in  nearly  every  State  of  the 
Union  and  in  some  of  the  Territories,  and,  indeed,  in  one  State,  South  Carolina, 
a  whole  week  is  now^  devoted  annually  to  tree  planting.  Such  a  rapid  aud  wide- 
spread adoption  of  the  custom  is  a  sufficient  indication  of  the  merits  of  its  claim  to 
pojiular  favor.  It  is  hardly  time  yet  to  count  the  cost  and  estimate  the  results,  but 
from  what  has  already  been  done  there  can  be  no  doul)t  that  the  practical  benefits 
accruing  to  the  material  w^ell-being  of  the  country  from  the  faithful  observance  of  the 
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day,  will,  iu  the  near  future,  by  the  incontestable  proof  of  what  the  eye  may  beholfl, 
establish  the  wisdom  of  those  who  have  the  honor  to  be  numbered  among  the  found- 
ers of  this  most  excellent  institution.  With  reference  to  this  phase  of  the  subject — 
the  bearing  it  has  upon  the  material  prosperity  of  the  country — there  can  be  no  dif- 
ference of  opinion.  Everyone  who  is  familiar  with  the  statistics  showing  the  rapid 
destruction  of  our  forests  will  readily  agree  that  there  is  urgent  need  that  the  pub- 
lic attention  should  be  directed  to  tree  planting,  and  there  is  no  other  medium 
through  which  this  can  be  so  effectually  accomplished  as  through  the  public  schools. 
It  was  wisely  ordered,  therefore,  that  the  public  schools  should  be  enlisted  in  the 
work  of  conserving  the  material  prosperity  of  the  State  in  this  important  respect. 

But  while  there  can  be  no  doubt  that  Arbor  Day  owes  its  institution  i)rimarily  to 
economic  considerations,  and  that  upon  this  ground  it  met  with  so  swift  a  response 
of  popular  recognition  and  interest,  it  is  equally  certain  that  the  founders  of  the 
day  builded  better  than  they  knew.  For  the  broad  and  beneficent  resulta  flowiug 
from  this  movement  are  not  to  be  estimated  in  their  sum  total  by  the  impressive 
array  of  cold  figures  iu  statistical  tables — not  even  though  they  reach  the  enormous 
proportions  of  ''605,000,000  trees  planted  in  the  single  State  of  Nebraska,  and  now 
thriving  there,  where  a  few  years  ago  none  could  be  seen  except  along  the  streams; 
and  this  used  to  be  called  'The  Great  American  Desert,'  where  seventeen  years  ago 
the  geographies  said  trees  would  not  grow — and  now  the  leading  State  of  America 
for  tree  planting." 

But  this,  though  it  be  a  matter  for  congratulation  and  rejoicing,  conveys  but  a  faint 
idea  of  the  importance  of  the  day  as  touching  the  very  springs  of  our  social  life  by 
its  intimate  connection  with  the  x>ublic  schools  of  the  Commonwealth.  More  than 
this,  if  merely  utilitarian  or  purely  commercial  considerations  are  to  dominate  our 
reflections  upon  thiis  day,  then  we  have  no  hesitation  in  saying  that  the  day  had  bet- 
ter not  been  instituted.  For  in  the  midst  of  the  intense  activity  of  the  present  age, 
when  all  around  us  we  see  the  plainly  marked  tracks  of  that  myriad-shaped  spirit 
of  the  times,  whose  tendency  is  ever  toward  the  practical  and  material  side  of  life, 
and  which  can  see  little  or  no  good  in  anything  that  has  not  its  immediate  fruitage 
in  palpable  results  to  be  measured  by  the  yardstick,  weighed  in  scales,  and  counted 
up  in  bank  books;  when,  in  the  significant  language  of  a  thoughtful  public  school 
man,  "knowledge  is  no  longer  regarded  as  the  wings  wherewith  we  fly  to  Heaven, 
but  the  claws  with  which  we  burrow  into  the  earth  in  search  of  its  glittering  treas- 
ures;" when,  in  a  word,  we  are  confronted  on  all  sides  by  forces  that  irresistibly  impel 
us  foward  in  the  lines  of  practical  pursuit  with  a  natural  leaning  toward  selfishness 
and  greed ;  under  these  circumstances,  surely,  there  would  seem  to  be  no  need  to  give 
impetus  to  a  stream  that  has  such  a  strong  current  of  its  own  by  making  a  special 
effort  to  set  before  the  children  of  the  Commonwealth  the  observance  of  this  day,  as 
an  object  lesson  in  tree  planting,  upon  grounds  of  thrift  and  i)ublic  economy  alone. 

Happily  there  is  another  phase  of  the  question  which  makes  the  celebration  of 
Arbor  Day  altogether  commendable.  I  refer  to  the  educational  value  it  possesses, 
which,  indeed,  is  not  to  be  estimated  by  the  stores  of  useful  knowledge  clustering 
around  it  and  finding  through  this  channel  an  easy  way  into  the  mental  equipment 
of  the  scholars.  The  wise  teacher,  to  be  sure,  will  not  fail  to  utilize  the  occasion 
as  one  of  the  l)est  means  placed  at  his  disposal  for  the  purpose  of  imparting  prac- 
tical instruction  in  the  department  of  botanical  science.  The  significance  of  this 
feature  is  not  to  be  underestimated.  It  is  of  unquestionable  imjiortance,  but  there 
is  still  a  higher  importance  attaching  to  the  celebration  of  the  day,  viz,  the  cultiva- 
tion of  a  feeling  for  nature,  by  bringing  us  into  touch  and  sympathy  with  the  won- 
drous works  of  the  Great  Creator  as  revealed  in  the  manifold  forms  of  beauty — the 
endless  variety  of  his  handiwork  throughout  the  vegetable  kingdom.  We  are  so 
wrapped  up  in  our  daily  pursuits,  so  immersed  in  the  things  of  flesh  and  sense  that 
are  of  necessity  involved  in  the- unceasing  struggle  for  existence  and  for  a  comforta- 
ble living,  that  the  deeper  spiritual  forces  of  our  being  are  iu  constant  danger  of 
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being  suppressed.  We  need  something  to  draw  us  away  from  the  hardening  condi- 
tions of  a  life  centered  in  self  and  absorbed  in  the  purely  material  asjiect  of  things. 
Especially  do  we  need  something  to  create  and  stimulate  in  the  hearts  of  our  chil- 
dren a  genuine  love  for  the  works  of  nature.  This  can  not  be  done  by  the  text-book 
study  of  botany — no  more  than  the  treasures  of  literature  can  be  appropriated  and 
made  a  heart  possession  by  the  study  of  grammar.  It  can  not  be  done  bj'  studying 
nature  solely  in  the  interest  of  scientiiic  truth. 

To  this,  one  of  the  world's  greatest  students  of  nature,  Charles  Darwin,  has  borne 
conclusive  testimonj'^.  Indeed,  it  is  inexpressibly  sad  to  hear  him  in  his  later  years, 
when  the  **  frontlet  of  olive  culled  far  and  wide"  was  vying  with  the  "ivy  leaf,  the 
meed  of  learned  brows"  to  grace  the  chaplet  of  his  enduring  fame,  declare  in  the 
undertones  of  lamentation  that  he  could  not  endure  to  read  a  line  of  poetry,  that 
Shakespeare  was  so  intolerably  dull  as  to  nauseate  him,  that  he  had  almost  lost  his 
taste  for  pictures  and  music,  that  line  scenery  failed  to  cause  him  the  exquisite  delight 
it  formerly  did,  and  that  his  mind  seemed  to  have  become  a  kind  of  machine  for  grind- 
ing general  laws  out  of  large  collections  of  facts,  resulting  in  the  atrophy  of  that 
part  of  the  brain  on  which  the  higher  tastes  depend.  "The  loss  of  these  tastes," 
mark  his  words,  "is  a  loss  of  happiness,  and  may  possibly  be  injurious  to  the  intel- 
lect, and  more  probably  to  the  moral  character,  by  enfeebling  the  emotional  part  of 
our  nature." 

Let  us  take  the  lesson  to  heart.  It  needs  to  be  heeded,  for,  in  the  strenuous  efforts 
that  are  now  being  put  forth,  with  the  best  of  motives,  to  make  our  education  more 
and  more  practical,  the  importance  of  cultivating  the  {esthetic  and  moral  faculties 
is  only  too  apt  to  be  overshadowed.  It  is  possible  to  become  too  practical.  "  Rus- 
kin  speaks  of  men  so  '  practical '  that  they  would  turn  the  human  race  into  vegeta- 
bles, make  the  earth  a  stable,  and  its  fruit  fodder.  There  are  vine  dressers  and 
husbandmen,"  he  says,  "who  love  the  corn  they  grind  and  the  grapes  they  crush 
better  than  the  gardens  of  the  angels  uj^on  the  slopes  of  Eden ;  hewers  of  wood  and 
drawers  of  water,  Avho  think  that  the  wood  they  hew  and  the  water  they  draw  are 
better  than  the  pine  forests  that  cover  the  mountains  like  the  shadow  of  God,  and 
the  great  rivers  that  move  like  his  eternity."  For  all  such,  nature  speaks  in  no 
intelligible  voice,  Milton's  grand  epic  has  no  meaning  because  it  "proves  nothing," 
the  healthy  and  elevating  tone  of  the  writings  of  a  Wood  and  a  Jefferies  touches  no 
responsive  chord,  and  these  loving  interpreters  of  nature  have  their  books  rated 
"heavy"  by  the  trade.  "We  observe  the  face  of  nature  so  little,  that  the  few 
enthusiasts  who  have  come  to  know  her  speak  to  us,  when  they  would  describe  her 
beauties,  in  an  unknown  tongue." 

The  planting  of  a  tree,  the  tender  care  bestowed  upon  it,  the  eager  watching  for 
new  developments  in  its  growth,  the  tending  of  a  flower  bed,  the  training  of  a  vine, 
will  for  many  a  child  prove  the  "open  sesame"  into  the  charmed  circle  of  those 
forces  and  factors  of  the  natural  world  which  purify,  refine,  and  ennoble  the  heart 
of  man.  The  process  itself  can  not  be  indicated.  It  is  secret,  silent,  past  finding 
out.  It  is  a  growth — that  subtle  something,  which  is  forever  escaping  the  clutch  of 
the  keenest  investigator,  only  to  find  easy  access  to  the  soul  of  him  who  hath  eyes  to 
see  and  ears  to  hear  what  is  revealed  of  the  Infinite  in  the  finite  order  of  creation. 

Powers  there  are 
That  touch  each  other  to  the  quick — in  modes 
"Which  the  gross  world  no  sense  hath  to  perceive, 
No  soul  to  dream  of. 

—["Wordsworth. 

Though  we  may  not  analyze  these  mysterious  powers  which  touch  us  at  every 
point  of  our  natural  environment,  quickening  our  impulses,  warming  our  affections, 
exalting  our  thoughts,  purifying  our  tastes,  enlightening  our  whole  being,  we  know 
enough  of  them  to  prize  them  at  their  full  value.  Nor  is  this  beyond  the  range  of 
the  practical.     For  what  is  more  truly,  more  wisely  practical,  than  to  set  in  operation 
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forces  and  inflneDces  that  will  contribute  to  the  personal  happiness  and  comfort  of 
the  individual?  What  more  practical,  than  to  introduce  into  onr  homes  an  appre- 
ciative sense  of  the  beautiful,  the  healthful,  the  useful  iu  nature?  It  is  but  a  step 
from  the  school  to  the  home,  and  it  is  clearly  the  part  of  practical  wisdom  to  make 
that  step  as  fraught  with  beneficent  results  as  it  is  possible  to  eflfect  in  the  school. 
A  right  feeling  for  nature  means  infinitely  more  than  the  planting  of  trees.  By  a 
necessary  law  of  association,  it  embraces  a  wide  range  of  conditions  in  our  every- 
day life.  It  means  a  greater  exhibition  of  tenderness,  thoughtfulness,  and  gentle- 
ness in  our  social  intercourse;  it  means  a  greater  regard  for  orderliness,  neatness, 
and  beautj'  in  our  surroundings.  A  tree  planted  needs  attention  and  care,  which 
can  not  be  bestowed  without  entering  into  the  general  habit  of  the  planter;  it  may 
need  a  box  to  protect  it;  the  shrub  or  bed  of  flowers  suggests  the  well-kept  lawn  or 
the  more  modest  grassidat;  and  these  in  turn  point  to  a  neat  fence,  a  clean  yard 
with  trim  walks,  a  painted  house,  and  within,  tidy  rooms,  decorated  walls,  pictures 
and  books,  good  cheer  and  comfort.  It  will  be  readily  admitted  that  these  things 
can  not  be,  without  affecting  wholesomely  and  only  for  good  the  moral  tone  of  the 
family  life,  and,  through  it,  that  of  the  community. 

PLANTING  TREES  A  PATRIOTIC  DUTY. 

Not  less  interesting  and  pertinent  is  the  address  of  Dr.  J.  T.  Rothrock, 
State  commissioner  of  forestry  of  Pennsylvania,  to  the  public  schools 
of  Lancaster  on  Arbor  Day  of  last  year : 

Less  than  three  centuries  ago,  in  the  providence  of  God,  our  ancestors  fell  heirs  to 
a  laud  which  was  not  only  well  watered  and  fertile,  but  well  wooded.  It  is  fair  to 
say  that  on  the  eastern  slope  of  the  continent  there  was  no  second  area  equal  in  size 
to  Pennsylvania  which  possessed  resources  so  varied  and  that  bid  fair  to  last  so  long. 
So  rich  was  oTlir  inheritance  that  we  felt  we  could  never  come  to  want  or  see  the  end 
of  our  resources.  American  extravagance  has  become  a  byword  among  other  nations, 
and  Pennsylvania  is  in  no  respect  behind  others  in  the  sisterhood  of  States. 

But  already  practicallj'  75  per  cent  of  our  State  is  destitute  of  real  forest  growth, 
and  to  meet  the  wants  of  a  rapidly  increasing  population  we  are  now  importing 
lumber.  Not  only  this,  but  from  about  an  eighth  of  the  land  which  we  have  cleared 
we  have  so  exhausted  the  fertility  that  it  can  no  longer  be  made  remunerative  in 
agriculture.  In  at  least  one  county  of  our  State  we  have  the  word  of  the  president 
judge  that  the  barren  hillsides  are  being  deserted  by  their  population  because  they 
can  no  longer  wring  a  living  from  the  impoverished  lands. 

Thus  far  mankind  has  derived  its  food  from  the  soil  or  the  water.  In  the  state- 
house  of  Massachusetts  there  hangs  a  figure  of  a  codfish,  to  indicate  that  from  the 
sea  that  great  Commonwealth  derives  a  large  part  of  its  support.  Our  waters  are 
practically  barren,  and  our  strength  must  come  from  the  soil.  I  desire  now^to  leave 
a  question  with  the  young  people  of  Lancaster.  It  is  this:  If  on  the  one  hand  we 
double  our  population  in  about  thirty  years,  and  if,  on  the  other  hand,  we  continue 
to  make  so  much  of  soil  poorer  every  year,  how  will  those  who  come  after  us  obtain 
a  living?  Bear  in  mind  that  when  you  render  the  soil  incapable  of  producing  a 
srop  you  cut  off  the  head  of  the  State.  Thirty  years  and  nu)re  ago  our  nation's  life 
was  in  danger.  From  the  hillsides  of  Pennsylvania  more  tluui  two  hundred  thou- 
sand brave  men  i)oured  down  to  save  the  country,  that  your  lives  might  be  peaceful, 
happy,  and  prosperous.  I  know  you  love  the  dear  old  flagaround  which  so  many  of 
us  rallied.  I  know  that  there  is  not  a  boy  or  girl  before  me  but  thinks  the  rod,  white, 
and  blue  of  ** Old  Glory"  are  the  very  ])riglitest  and  best  colors  that  fly  in  the 
breeze  of  any  land.  Its  ample  folds  mark  the  thousands  of  schoolhouses  where  you 
an*  taught  to  become  good  men  and  women  and  ]>atriotic  citizens.  But  you  are  now 
calle<l  upon  to  save  the  State  from  wasting  its  strength,  and  from  becoming  weak 
and  poor,  when  it  should  be  strong  and  rich.     God  uever  allowed  a  child  to  grow  up 
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to  be  a  citizen  without  providing  sometliing  (or  bim  or  her  to  do  for  the  public  good. 
Every  citizen  shouhl  in  some  way  aid  in  malting  every  acre  of  the  State  as  produc- 
tive as  it  can  be  made.  Of  all  things,  a  useless  soul  aud  a  useless  acre  are  the  most 
useless.  I  call  upon  you  young  people  here,  who  are  thinking  already  what  you  will 
do  when  you  grow  up,  to  resolve  that  you  will  be  patriots,  and  help  make  the  land 
in  which  you  live  as  near  a  paradise  as  you  can.  You  will  be  wiser  if  you  begin  at 
once  to  do  some  good  thing.  Here  is  a  chance.  Every  tree  that  is  planted  helps  to 
save  water  for  the  uses  of  the  people.  It  helps  to  restrain  the  floods  which  destroy 
life  and  property.  It  helps  to  keep  the  air  in  pure  condition  for  you  and  your  asso- 
ciates.    It  helps  to  moderate  the  climate  so  that  crops  may  grow  and  fruits  mature. 

If,  then,  you  plant  a  tree,  you  increase  the  wealth  and  strength  of  the  Common- 
wealtli,  and  at  the  same  time  you  aid  in  husbanding  its  resources.  Is  not  this  a 
worthy  work?  But  it  is  so  small  a  thing,  you  may  say!  True,  but  life  is  made  up 
of  small  things.  How  many  really  great  things  can  anyone  do?  The  great  acts  of 
any  man's  life  are  few.    It  is  the  multitude  of  small  deeds  which  makes  life  important. 

Nebraska  was  once  almost  a  treeless  area.  Now  it  is  a  well-wooded  State.  This  is 
almost  entirely  due  to  the  Arbor  Day  planting  which  Secretary  Morton  started  a 
score  of  years  ago.  His  example  has  spread  from  State  to  State,  until  over  almost  the 
entire  Union  a  day  is  set  apart  every  year  for  the  purpose  of  tree  planting.  European 
countries  are  taking  up  with  the  idea.  It  has  spread  to  the  isles  of  the  ocean.  If 
we  except  Christmas  and  Kaster,  there  is  probably  no  anniversary  more  widely  cele- 
brated than  Arbor  Day.  Of  course  the  date  must  vary  with  the  country.  In  our 
Southern  States,  February  22,  the  birthday  of  Washington,  is  often  selected  as 
Arbor  Day. 

I  desire  especially  to  call  attention  here  to  a  mistake  too  often  made  in  connection 
with  Arbor  Day:  This  is  the  planting  of  foreign  instead  of  native  trees.  It  is  now 
well  known  that  no  foreign  species  except  possibly  the  Eastern  plane  tree  is  so  long- 
lived  as  the  corresponding  native  species.  As  between  foreign  aud  native  trees,  then, 
give  the  first  place  to  our  own  species.  In  the  country,  as  in  smaller  to^vns,  nothing 
is  better  than  our  white  oak,  a  native  elm,  or  a  sugar  maple.  Do  not  plant  the  sil- 
ver maple.  It  is  too  weak  to  support  its  own  enormous  growth.  It  must  be  cut 
back.  This  opens  the  way  for  decay,  and  just  when  your  tree  should  be  in  its  prime 
it  is  in  the  stage  of  decay. 

Reforms  mature  slowly.  See  with  what  infinite  persecution  the  emancipation 
problem  was  worked  out!  Before  our  laud  became  in  deed  and  in  truth  ''the  land 
of  the  free,"  every  hamlet  received  its  baptism  of  blood  and  every  citizen  felt  the 
drain  upon  his  finances. 

The  great  temperance  reform  has  grown  from  contempt  into  respectability,  and 
before  you  young  people  are  in  the  prime  of  life  you  will  see  under  restraint  the 
monster  of  intemper.ance,  which  brings  untold  agony  into  thousands  of  homes.  So 
it  is  with  the  forestry  problem.  We  are  now  passing  from  the  period  of  destruction 
to  the  period  of  restoration.  Hardly  a  State  in  the  Union  but  is  concerning  itself 
with  this  great  reform.  Pennsylvania  has  earned  a  first  place  as  a  pioneer  in  the 
movement.  In  my  travels  over  the  country  I  see  on  all  sides  the  signs  that  a  refor- 
mation is  at  hand.  When  I  was  a  lad  I  never  saw  or  heard  of  planting  a  tree  in  a 
school  yard.  Now,  in  the  remotest  parte  of  the  State,  I  see  growing  in  school  yards 
the  trees  under  whose  ample  brauches  the  children  of  the  next  generation  will  play. 

1  look  on  the  hopeful  side  of  things.  The  world  has  constantly  been,  in  the  main, 
becoming  better  fitted  for  the  prosperity  and  comfort  of  men.  It  is  the  natural 
order  of  evolution.  It  is  not  too  late  to  restore  our  forests  on  land  where  nothing 
but  trees  will  grow.  It  is  not  too  late  to  make  our  roadsides,  our  school  yards,  our 
swamp  land,  and  our  barren  ridges  eloquent  witnesses  of  God's  willingness  to  help 
us  beautify  our  living  places,  and  jierpetuate  the  prosperity  of  our  Commonwealth. 
You  may  never  command  armies,  or  thrill  a  listening  nation  by  your  eloquence;  but 
you  may  at  least,  each  one  of  you,  leave  a  thrifty,  growing  tree,  or  more  than  one; 
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to  show  those  who  follow  that  you  were  unselfish  enough  to  labor  for  the  benefit  of 
posterity  that  you  may  never  see.  You  may  at  least  exemplify  the  noble  justice  of 
leaving  the  world  in  as  good  condition  for  the  prosperity  of  your  children  as  you 
found  it  for  yourselves.  All  this  you  may  do  by  simply  planting  a  tree,  which  "will 
grow  while  you  sleep  and  draw  its  strength  and  its  long  life  and  large  usefulness  from 
the  sunshine  and  the  storm,  costing  nothing,  ** harming  no  one,  blessing  everyone, 
and  pleasing  God."    Will  you  do  itf 

Suppose  each  child  in  the  State  of  Pennsylvania  between  the  ages  of  5  and  17 
years  plants  a  tree  which  grows  to  a  mature  size.  Put  these  all  together  at  15  feet 
apart,  and  you  will  have  a  forest  of  11|^  square  miles.  That  means  7,360  acres  of  for- 
est— good,  productive  forest.  Each  acre  of  such  forest  can,  in  the  growing  season, 
give  back  to  the  air  about  14,500  tons  of  water  by  evaporation  or  transpiration.  In 
other  words,  as  the  result  of  planting  one  tree  for  each  school  child  of  to-day  there 
might  be  distilled  back  into  our  air,  from  this  eleven  and  more  square  miles  of  forest 
area  each  growing  season,  106,720,000  tons  of  water. 

Now  I  want  to  ask  you  if  you  know  what  that  water  does  up  in  the  sky.  It 
destroys  the  frost  which  kills  your  crops.  That  is,  each  one  of  you  here  Avho  plants 
a  long-lived  tree  of  a  kind  that  may  grow  to  large  proportions,  will,  when  it  has  grown 
to  middle  size,  be  placing  away  up  there  in  the  sky  over  seventy  tons  of  water  each 
year,  which  is  to  help  protect  and  produce  the  grain  on  which  your  grandchildren 
will  live.  Indeed,  it  may  be,  you  will  find  when  you  are  done  with  earth  that  you 
have  placed  something  in  the  sky  of  more  importance  still.  You  know  that  to  '•  love 
your  neighbor"  is  half  of  the  Divine  command.  Will  you  plant  a  tree  somewhere 
this  year  ? 

SCHOOLS  OF  AGRICULTURE  AND  HORTICULTURE. 

The  relation  of  Arbor  Day  to 
agriculture  and  horticulture  is 
well  set  forth  by  Hon.  Charles  R. 
Skiuner,  State  superintendent  of 
schools,  New  York : 

There  is  a  practical  as  well  as  a  senti- 
mental side  to  Arbor  Day.  It  had  its 
inception  in  a  commendable  movement 
looking  to  the  i^rotection  of  our  forest 
trees,  and  what  may  be  called  the  making 
of  new  forests  on  the  vast  plains  of  the 
West.  The  sentimental  feature  attached 
to  its  observance  has  been  in  the  develop- 
ment of  a  love  for  Nature  and  her  won- 
derful works,  and  in  the  encouragement 
to  delightful  study  of  trees,  plants,  flow- 
ers, and  birds.  There  is  no  doubt  that  in  hundreds  of  thousands  of  the  children 
of  our  country  there  has  been  awakened  a  deep  interest  in  the  attractive  study  of 
how  plants  grow,  of  the  use  and  abuse  of  trees,  and  of  the  relations  which  birds 
and  flowers  bear  to  the  problem  of  Nature  and  to  human  happiness.  A  child  who 
learns  to  love  trees  and  flowers  and  who  derives  happiness  from  them  can  never  go 
entirely  wrong.  The  whole  subject  tends  to  a  closer  study  of  Nature  in  all  who 
have  a  love  for  growing  things.  This  study  of  Nature  can  be  turned  to  practical 
use,  and  be  made  of  lasting  benefit  to  many  thousands  of  the  world's  workers, 
especially  to  those  whoso  privilege  it  is  to  till  the  soil — and  from  the  farms  to  feed 
the  world.  There  is  a  lack  of  knowledge  of  the  scientific  principles  of  agriculture. 
This  lack  increases  manual  labor  without  increasing  results  or  happiness.    How  to 
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make  farming  pleasant  and  profitable,  how  to  increase  its  attractions,  how  to  keep 
the  boys  on  the  farm  are  some  of  the  problems  of  our  times.  There  are  mysteries  of 
Nature  which  a  well-educated  agriculturist  can  solve  with  profit  and  pleasure.  Ten 
acres  scientifically  tended  can  be  made  as  profitable  with  less  labor  as  one  hundred 
acres  carelessly  cultivated.  The  brain  ohould  relieve  the  hand.  Education  should 
abolish  drudgery.     There  is  profit  as  well  as  poetry  in  ''a  little  farm  well  tilled." 

Then  let  us  make  a  place  in  our  educational  system  for  schools  of  agriculture  and 
horticulture.     Our  agricultural  colleges  have  their  places  in  the  system,  but  they 


\ 


are  beyond  the  reach  and  above  the  heads  of  a  great  majority  of  the  boys  who  are 
to  be  the  farmers  of  the  future.  While  our  common  schools  are  laying  the  founda- 
tions of  an  all-around  education,  let  us  give  our  children  practical  lessons  which 
will  help  on  the  farm.  We  may  not  teach  all  our  boys  to  be  farmers,  but  we  may 
give  those  who  go  from  the  schools  back  to  the  farms  a  knowledge  which  shall  arouse 
a  love  and  an  enthusiasm  for  agricultural  pursuits  which  they  could  never  other- 
wise obtain.  This  love  would  do  more  than  any  other  influence  to  keep  our  boys  on 
the  farms.  It  is  the  child  who  shows  most  enthusiasm  in  study  and  in  play.  Then 
let  us  teach  our  children  the  simple  lessons  in  botany,  chemistry,  geology,  and 
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zoology,  with  which  they  may  comhine  the  study  of  the  habits  of  plants  and  trees, 
how  they  grow  and  develop ;  the  study  of  birds,  which  are  tlie  friends  and  not  the 
enemies  of  mankind;  the  study  of  the  composition  of  soils,  the  chemistry  of  fer- 
tilizers, the  needs  of  grasses  and  grains,  and  the  harm  of  noxious  weeds.  Let  them 
learn  that  what  is  caken  from  the  ground  must  be  paid  back ;  that  there  is  a  recip- 
rocal relation  between  the  soil  and  the  fertilizer,  as  between  the  giver  and  receiver. 
How  to  graft,  how  to  plant  and  transplant,  how  to  save  and  how  to  prune,  how  to 
sow  and  how  to  reap,  are  among  the  things  which  should  be  tauglit.  Give  us  courses 
in  the  common  schools  for  the  boys  and  girls  who  want  them,  which  shall  teach 
some  of  the  pleasant  things  connected  with  farming.  Teach  also  that  it  costs  no 
more  to  produce  a  pound  of  good  butter  or  cheese  than  a  poor  one.  Give  us  a  gar 
den  by  the  schoolhouse  where  the  lessons  of  Arbor  Day  can  be  practically  illustrated, 
where  children  can  plant  and  water,  where  they  can  see  things  grow,  see  nature 
develop,  see  life  in  soil  and  plants.  France  is  doing  much  in  this  direction,  and 
Canada  is  agitating  the  question.     Arbor  Day  should  give  us  educated  farmers. 


ENCOURAGING  WORDS  FOR  ARBOR  DAY. 

Beneficent  influence  of  Arbor  Day. — It  must  be  borne 
in  mind  that  Arbor  Day  is  not  a  holiday,  but  simply 
a  particular  day  set  apart  for  special  instruction  in  all 
that  pertains  to  the  most  useful  and  beautiful  of  the 
kingdoms.  It  would  not  be  amiss  if  a  day  were  given 
to  each  of  the  other  kingdoms,  the  animal  and  the  min- 
eral, for  the  same  purpose.  That  Arbor  Day  has  been 
of  incalculable  value,  sesthetically  and  ethically,  is  no 
longer  doubted ;  and,  witJi  this  generation,  trees  around 
a  schoolhouse  are  not  looked  upon  as  a  source  of  supply 
for  convenient  instruments  to  maintain  discipline,  as 
they  probably  were  a  decade  or  two  ago.  The  vandalism  that  begins  with  cutting 
and  marring  the  school  desks  and  destroying  school  shrubbery  has  disappeared, 
which  is  one  of  the  innumerable  arguments  in  favor  of  its  beneficent  influence  upon 
the  malicious  passions  of  the  young. 

The  lessons  learned  about  trees,  i)lants,  and  flowers  since  the  institution  of  Arbor 
Day  has  caused  us  to  observe  more  closely  and  to  love  more  ardently  these  gifts  of 
nature.  Our  greatest  poets  and  statesmen  have  written  reverently  of  these  treasures, 
and  spoken  with  8ul)lime  veneration  and  patriotic  fervor  about  those  of  a  historic 
reputation.  The  literature  associated  with  this  kingdom  excels  all  others  in  purity 
and  devoutness,  and  millions  of  the  present  school  generation  will  recall  these  days 
as  the  one  green,  glowing  oasis  in  a  long  life.  Henry  Thoreau  said:  "The  intellect 
of  most  men  is  barren.  It  is  the  movings  of  the  soul  with  nature  that  makes  the  intel- 
lect fruitful,  that  gives  birth  to  imagination." — John  Terhune,  superintendent,  Ber- 
gen County,  N.  J. 

Not  merely  a  day  for  tree  plantinfi . — When  this  day  was  first  appointed  I  felt  that  it 
was  not  intended  for  us.  We  did  not  need  it.  Trees  were  abundant  on  our  streets 
and  around  our  houses.  But  since  we  have  kept  it,  as  we  have  for  the  past  two 
years,  I  have  had  my  eyes  opened  to  its  im])ortance.  We  may  have  trees  in  abun- 
dance, but  there  is  a  lesson  to  be  taught  on  this  day  that  can  not  bo  put  too  strongly 
before  our  children.  It  is  a  day  when  we  should  strive  through  general  exercises, 
and  by  plain  talks  from  the  t(^achers,  committeemen,  and  others  who  may  be  induced 
to  address  the  children,  to  impress  upon  them  a  love  of  the  beautiful.    Remember 
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that  our  schools  are  expected  to  elevate,  to  make  better  citizeus,  and  not  simply  to 
cram  the  pupils'  heads  full  of  a  certain  amount  of  knowledge,  in  order  that  they  may 
be  able  to  make  money  a  little  easier  when  they  grow  up.  We  shouhl  teach  them  to 
do  all  in  their  power  to  beautify  their  homes;  also  aid  them  in  adorning  their  school- 
rooms. Let  these  two  places  be  made  most  attractive  and  the  work  of  the  schoolroom 
will  be  wonderfully  advanced. 

The  saloon  perceives  the  importance  of  this  idea;  witness  the  magnificence  of 
some  of  the  city  saloons.  Let  us  counteract  this  by  doing  what  we  can  to  induce 
the  child  to  make  his  home  the  most  attractive  place  in  the  world. 

A  little  ingenuity  will  work  wonders.  The  home  of  the  poor  is  often  far  pleasanter 
than  the  mansion;  so  it  does  not  all  depend  on  the  amount  of  money  expended. 

The  same  effort  should  be  mailo  to  make  the  schoolroom  attractive.  To  the  effect 
of  this  I  called  your  attention  several  years  ago  when  the  ungraded  school  was 
removed  Irom  the  room  in  the  old  brick  schoolliouse  to  the  pleasant  quarters  in  the 
Byfield  building.  What  had  been  an  unruly  school,  and  one  that  every  child  dreaded 
to  attend,  became  instantly  a  model  school  and  one  that  was  very  popular.  This  is 
a  practical  illustration  that  we  should  remember.  We  may  say  that  it  is  all  non- 
sense; that  it  makes  no  difference  what  kind  of  a  room  is  used  for  a  school.  Here 
we  see  most  conclusively  that  it  does. — J.  P.  Reynolds. 

Beneficial  results  of  Arbor  Day. — Arbor  Day  was  observed  this  year  in  all  the  schools 
according  to  the  programme  prepared  by  the  commissioner  of  public  schools.  At 
nearly  all  the  schools  a  tree,  or  vine,  or  shrub  was  planted  on  or  near  the  school 
grounds.  The  encouragement  of  this  custom  will  give  to  each  class  a  permanent 
possession  in  the  school  grounds,  increase  their  interest  in  the  school  in  time  to  come, 
and  be  a  promoter  of  pleasant  memories  of  school  life. 

The  presence  of  trees  on  or  near  the  school  grounds  will  attract  the  birds,  and 
these  by  their  presence  will  aid  the  teachers  in  inculcating  the  principles  and  prac- 
tices of  the  Society  for  the  Prevention  of  Cruelty  to  Animals.  In  one  school  this 
year  attention  and  interest  have  been  concentrated  upon  a  pairof  robins  which  built 
their  nest  in  a  tree  in  the  yard  and  in  sight  from  the  upper  windows  of  the  school- 
house. — W.  A.  Briggs,  superintendent. 

Indirect  value. — The  indirect  value  of  Arbor  Day  and  the  opportunity  it  affords  for 
moral  instruction  are  appreciated  by  the  teachers,  whose  first  thought  is  apt  to  be 
one  of  regret  for  any  interruption  of  regular  work. — T.  O.  Draper,  superintendent. 

A  beautiful  cjef/om,— Another  custom  which  we  urge  all  of  our  schools  to  adopt  is 
the  careful  observance  of,  and  participation  in,  the  exercises  of  Arbor  Day,  a  custom 
beautiful,  simple,  useful. — F.  B.  Gifford,  clerk. 

Gaining  attention. — The  subject  of  Arbor  Day  is  gaining  the  attention  of  the  teach- 
ers and  pupils  more  than  formerly,  and  it  is  to  be  hoped  it  will  continue.  If  properly 
carried  out  it  will  cause  the  schoolhouse  grounds  to  become  more  attractive  to  the 
children.  It  does  seem  as  if  the  grounds  around  the  schoolhouses  of  our  country, 
where  congregate  some  thirteen  millions  of  pupils,  should  receive  as  much  attention 
as  the  grounds  around  the  homes,  for  nothing  can  exert  more  influence  in  creating  a 
love  for  the  beautiful  in  the  minds  of  the  rising  generation. — C.  J.  Greene,  superin- 
tendent. 

Not  a  mere  holiday. — Trees  everywhere  exert  a  controlling  moral  influence.  They 
make  home  pleasanter,  as  we  know  and  feel  in  our  everyday  existence.  When  a  boy 
leaves  the  home  of  his  childhood  his  heart,  in  whatever  land  it  beats,  shall,  like 
the  "seashell  far  from  its  ocean  bed,  retain  some  faint  whisper  of  its  early  dwell- 
ing place."  In  after  years  the  sight  of  home  and  school  grounds,  beautified  and 
improved,  will  afford  gladness  and  pleasure  as  season  follows  season. — D.  R.  Adams, 
superintendent. 
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Prctctical  use  of  ike  day. — Arbor  Day  and  the  preparation  for  it  served  to  inculcate 
love  for  the  whole  realm  of  the  vegetable  world  and  much  knowledge  of  tree  and 
plant  life.  The  schools  also,  after  appropriate  and  interesting  exercises  in  their 
respective  rooms,  came  together  at  the  Massasoit  spring  on  Baker  street,  and  planted 
a  tree  in  memory  of  Massasoit.  It  might  be  well  another  year  for  the  schools  each 
to  plant  a  tree  on  some  treeless  street. — A.  E.  Carpenter,  superinteildent. 

Among  our  monumental  institutions. — One  of  the  pleasing  evidences  of  improvement 
in  society  and  the  cultivation  of  a  higher  public  taste  is  found  in  the  establishment 
of  Arbor  Day.  This  interesting  anniversary  has  not  only  found  a  place  among  the 
monumental  institutions  of  our  country,  but  it  has  met  with  very  general  and  cor- 
dial approbation  and  support.  It  has  its  place  in  the  calendar  of  our  colleges,  and 
it  becomes  an  educational  agency  to  all  the  youth  of  the  land  by  its  relation  to  our 
common  schools.  It  has  the  support  of  no  small  number  of  enthusiastic  advocates 
who  promote  its  observance  and  press  its  claims  upon  the  public  attention,  and 
build  up  around  it  its  own  peculiar  and  interesting  literature. 

As  the  years  go  by  and  the  trees  now  newly  planted  expand  themselves  outward 
and  rear  tliemselves  upward  toward  the  sky,  displaying  their  grand  and  majestic 
proportions,  so  the  traditions  and  stories  that  gather  round  them  and  the  day  that 
gave  them  their  place  and  their  importance  grow  to  be  a  living  romance,  blooming 
with  elevating  sentiment  and  bearing  the  fruitage  of  cherished  associations. 

When  from  the  youth  and  childhood  of  the  present  proceed  the  names  tc-at  attain 
to  greatness  and  to  fame,  till  all  lands  are  filled  with  their  renown,  then  this  anni- 
versary will  bring  together  assemblages  at  the  plantings  of  to-da^-^  to  teli  over  with 
endless  interest  the  stories  of  early  struggles  and  victories,  and  so  inspire  to  noble 
ambitions  and  aims  the  generations  that  are  to  follow. — Rev.  J.  Young. 


TREES  AND  SCHOOLS. 

If  any  persons  should  be  peculiarly  inter- 
ested in  trees  it  would  seem  to  be  those  who 
are  at  school  and  who  are  especially  engaged 
in  the  use  of  books,  for  the  word  book  is  the 
same  as  the  old  English  or  Anglo-Saxon  word 
hoc^  which  means  a  beech  tree.  The  German 
/  i\\  \  \/^-~-~-_V^  hucU^  book,  is  almost  the  same  as  huche,  beech; 
J  \\\\3C^7''~^-7  ^"^^  substantially  similar  words  are  found  in 
^W  \]^>^^^-^^  ^^^^  Danish,  Icelandic,  and  Gothic  languages, 
because  before  the  invention  of  printing  the  books  of 
the  people  speaking  these  languages  were  written  commonly 
on  pieces  of  the  bark  or  wood  of  the  beech  trees. 
Then  those  who  are  studying  Latin  know  that  the  word  liher  means 
both  bark  and  book,  which  points  to  a  similar  usage.  And  those  who 
have  entered  upon  the  study  of  the  Gi'eek  language  have  learned  that 
hiblos,  which  means  book,  also  means  the  inner  bark  of  the  pa])yrus 
plant,  because  the  old  Egyptians  used  to  write  uj)on  its  smooth  and 
white  surface.    From  the  name  of  this  plant  again  comes  directly  and 
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easily  our  word  paper,  while  to  go  back  to  libei^,  we  have  from  that  our 
word  library,  or  a  collection  of  books,  and  from  bihlos  again  our  word 
Bible,  or  the  book  of  books.  And  now  our  books  are  often  literally 
made  of  the  trees.  Only  instead  of  taking  chips  or  blocks  of  the 
beech  tree  to  write  upon,  as  our  ancestors  did,  we  grind  the  trees  up 
into  pulp,  and  having  spread  it  out  into  thin  sheets,  the  printer  then 
jjrints  upon  them  lessons  of  geography  or  arithmetic  or  history,  and  lo, 
the  beech  tree  and  other  trees  also  come  into  the  school  room  to  help 
us  in  our  studies.  Every  time  also  that  we  turn  the  leaves  in  our  books 
we  are  reminded  of  the  trees,  which  have  giv^en  us  the  word. 

And  then  the  wovi\  academy  ca,\ises  us  to  think  of  the  trees,  for  it 
points  us  back  to  that  celebrated  school  which  Plato,  the  Greek  phi- 
losopher, taught  in  the  grove  of  Academus.  It  was  a  school  among 
the  trees.  It  was  as  he  walked  with  his  pupils  under  the  branches 
of  the  trees  that  he  taught  those  lessons  of  wisdom  which  have  been 
the  delight  of  scholars  down  to  our  own  time. 

Fitly,  then,  are  the  pupils  in  our  schools  invited  to  take  part  in  the 
observance  of  Arbor  Day,  and  if  there  is  any  spot  peculiarly  appioi)ri- 
ate  for  the  planting  of  trees  on  such  an  occasion  it  is  that  where  chil- 
dren assemble  for  instruction,  that  thereby  they  may  have  around  tliera 
the  beauty  and  pleasantness  which  trees  afford  and  every  school  place 
may  become  another  ^' grove  of  Academe." 


TREES  AS  LIVING  THINGS. 

AH  things  in  the  world  may  be  divided  into  two 

classes,  things  which  have  life  and  things  which  are 

without  life.     What  life  is  we  do  not  know.     We 

know  only  its  effects — what  it  does.     We  can 

neither  see  it  nor  feel  it.     We  can  not  perceive 

it  by  any  of  our  senses. 

We  recognize  life  most  commonly  as  something 
which  produces  motion.  So  we  say  an  animal  is 
alive  or  has  life,  because  we  see  it  move.  The  stone 
is  not  alive;  it  has  no  motion.  It  does  not  change 
its  shape  or  color.  It  looks  to  day  as  it  did  years 
U^  ago;  it  is  no  larger  now  than  it  was  then.  So  of  a  piece  of 
iron  or  any  other  metal.  But  the  animal  moves  about;  it 
changes  its  shape;  it  increases  in  size;  it  grows,  as  we  say.  From  a 
small  and  very  feeble  thing  it  becomes  large  and  strong.  It  is  because 
it  is  a  living  thing  or  has  life  that  it  grows.  The  life  in  it  has  the 
power  of  laying  hold  of  other  things  and  building  them  up  into  the 
body  of  the  animal,  so  that  it  enlarges  until  it  has  reached  the  size  which 
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belongs  to  it.  So  the  life  or  life  principle  in  us  builds  up  our  bodies 
little  by  little,  and  day  by  day,  from  our  infaucy,  until  we  are  grown  up 
men  and  women. 

Now,  the  trees  are  living  things  like  ourselves,  and  this  gives  them 
special  interest  for  us.  Living  things  have  what  we  call  organs,  or 
instruments  by  means  of  which  the  life  or  life  principle  acts  and  per- 
forms its  work.  So  the  trees  have  many  such  organs  as  we  have,  and 
thereby  resemble  us.  They  have  organs  by  which  they  take  in  food, 
they  have  lungs  by  which  they  breathe,  and  they  have  organs  of 
digestion  and  a  circulatory  apparatus,  by  which  their  food  is  prepared 
and  carried  to  all  parts  of  them  and  causes  them  to  grow  and  reach 
their  perfection. 

The  trees  can  not  move  about  from  place  to  place,  as  we  and  most 
animals  do.  They  would  not  be  what  they  were  meant  to  be  nor  of 
such  use  to  us  as  they  now  are  if  they  could.  But  they  are  none  the 
less  alive  although  they  remain  in  the  same  place  all  the  time.  There 
are  some  animals,  such  as  the  oyster,  for  example,  which  never  move 
about.  Tbere  are  also  some  human  beings  who,  by  accident  or  other- 
wise, have  been  deprived  of  the  power  to  walk  or  to  move  freely, 
who  yet  are  as  truly  alive  as  any.  There  are  many  plants  also  that 
have  a  limited  power  of  motion  which  shows  a  close  resemblance  to 
the  animals  in  this  resx^ect,  as  well  as  in  others  which  have  been  men- 
tioned. There  are  what  we  call  the  climbing  plants,  which  climb  trees 
or  walls  just  as  truly  as  boys  often  do.  Most  plants  love  the  light 
and  sunshine,  and  these  climbing  plants  seem  to  climb  up  for  the  pur- 
pose of  getting  out  of  the  shade  of  other  plants  and  securing  ti)  them- 
selves the  needed  light.  So  they  lay  hold  of  any  upright  object  near 
them,  a  stick  or  a  tree,  and  winding  around  it  or  fastening  their 
tendrils  to  it,  climb  up.  Here  there  is  motion  all  the  time,  and  it 
can  be  seen  very  easily,  especially  when  such  a  climber  as  the 
morning-glory  fastens  upon  a  short  support.  When  it  gets  to  the  top 
of  this  it  is  not  satisfied,  but  wants  to  go  higher;  so  you  may  see  it 
reaching  out  sideways  and  feeling  around  to  tind  a  new  su])port,  and 
it  will  sweep  entirely  around  a  circle,  from  right  to  left  or  from  left  to 
right,  in  order  to  tind  something  to  lay  hold  of  by  which  it  may  rise 
still  farther. 

Then  there  are  plants,  like  the  Virginia  creeper  and  the  Japanese  and 
English  ivies,  which  climb  walls  or  other  objects  by  means  of  tendrils, 
whicli  they  stretch  out  like  arms,  and  which  sometimes  have  at  their 
ends  little  disks  like  the  suckers  which  boys  make  oat  of  leather  and 
with  which  they  lift  stones  and  other  things.  These  disks  are  like  so 
many  hands,  by  means  of  which  the  plants  climb  up  and  hold  them- 
selves firmly  where  they  can  have  the  light  which  they  need.  If  you 
try  to  detach  one  of  these  disks  from  the  object  to  which  it  has  fas- 
tened  itself  you  will  tind  it  quite  ditticult  to  do  so.    The  Venus's  flytrap 
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{Dioncea  muscipula)  shows  motion  in  a  dillereut  way.  It  lias  at  the 
end  of  its  leaves  an  expansion  like  two  leaves  of  a  book  ready  to  fold 
together,  or  like  the  shells  of  a  clam.  Aiound  the  margin  of  these 
leaves  are  bristles,  with  other  more  delicate  ones  in  the  center.  When 
an  insect  alij»hts  on  the  open  leaves  and  touches  the  central  bristles, 
the  leaves  shut  together  so  quickly  that  it  is  caught  and  held  there  till 
it  dies.  Other  plants  show  motion  in  different  ways.  The  trees  also 
have  motions  independent  of  those  which  are  occasioned  by  the  wind 
or  any  external  force.  The  locust  tree  and  some  others,  for  instance, 
fold  up  their  leaves  at  night  as  thougli  preparing  to  sleep,  and  spread 
them  open  again  in  the  morning.  Some  move  their  leaves  in  a  different 
manner.  In  all  trees,  also,  there  is  in  the  roots  a  constant  movement, 
at  least  during  the  growing  season  of  the  year.  At  the  very  beginning 
of  its  life  the  root  as  it  sprouts  from  the  seed  insists  upon  going  down- 
ward into  the  earth.  Turn  the  sprouting  acorn  so  that  its  root  or  radi- 
cle shall  point  upward  and  very  soon  it  will  turn  and  double  upon  itself, 
if  necessary,  in  order  to  take  a  downward  course,  and  though  you  turn 
it  again  and  again,  it  will  persist  in  its  determination  and  die  if  neces- 
sary rather  than  give  up  the  struggle.  So  when  a  tree  is  established 
and  growing,  thougli  its  stem  must  remain  in  the  same  place,  its  roots 
are  all  the  while  pushing  out  in  various  directions,  winding  around 
obstacles  of  one  kind  and  another  in  pursuit  of  moisture  and  nourish- 
ment and  making  their  way  steadily  on,  so  that  nothing  will  so  well 
describe  the  character  of  that  part  of  the  tree  which  is  under  ground 
as  to  say  it  is  in  a  state  of  motion.  Darwin,  the  eminent  naturalist, 
goes  so  far  as  to  claim  that  all  the  growing  parts  of  plants,  above  as 
well  as  below  ground,  manifest  voluntary  motion,  describing  circles  or 
circular  spirals  continually,  "circumnutating,"  as  he  calls  this  move- 
ment. "  If  we  look,"  he  says,  "for  instance,  at  a  great  acacia  tree,  we 
may  feel  assured  that  every  one  of  the  innumerable  growing  shoots  is 
constantly  describing  small  ellipses,  as  is  each  petiole,  subpetiole,  and 
leaflet."  1 

The  action  of  the  life  principle  in  the  trees  also  often  manifests  aston- 
ishing force.  Darwin  found  that  the  transverse  growth  of  the  radicle 
of  a  sprouting  bean  was  able  to  displace  a  weight  of  3  pounds  4  ounces 
in  one  case  and  one  of  8  pounds  8  ounces  in  another.  One  can  hardly 
walk  where  trees  are  growing  among  rocks  without  seeing  instances  of 
the  splitting  asunder  of  great  masses  of  them  by  the  growth  of  the 
tree  roots  which  have  gained  entrance  into  their  crevices  when  small, 
and  in  growing  have  expanded  with  irresistible  force.  So,  also,  it  is  a 
common  thing  to  see  the  walls  of  buildings  disturbed  and  much  injured 
by  the  roots  of  trees  growing  near  them.  Experiments  made  by 
Professor  Clark,  at  Amherst  College,  led  him  to  think  that  the  force 
exerted  by  a  squash  in  growing  was  equal  to  about  5,000  pounds.    Thus 
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trees  show  that  they  are  living  things  like  us  by  having  voluntary 
motion  and  exerting  power. 

Trees  resemble  us  also  as  living  things,  and  still  more  wonderfully, 
perhaps,  in  their  choice  of  food.  They  can  take  food  only  when  it  is  in 
a  liquid  or  fluid  state.  They  can  not  take  any  solid  food,  though  the 
particles  be  ever  so  small.  For  do  all  trees  make  use  of  the  same  things 
for  food.  As  they  differ  from  one  another  in  kind,  so  they  require  dif- 
ferent kinds  of  food  material  in  order  to  make  them  what  they  are.  Or 
they  require  the  various  articles  of  food  in  different  proportions  one 
from  another.  They  seem  to  have  their  preferences,  their  likes  and  dis- 
likes about  food,  very  much  as  we  do.  So,  when  different  kinds  of  trees 
are  growing  together,  each  selects  from  the  ground  the  food  or  the  dif- 
ferent kinds  of  food  which  will  be  most  promotive  of  its  growth.  In  this 
resj)ect  the  trees  do  even  better  than  we  do,  for  they  never  take  what 
is  not  good  for  them.  The  oak  takes  what  will  be  best  for  it,  and  the 
maple  what  will  build  it  up  as  a  maple,  and  so  of  every  other  tree,  and 
if  the  proper  food  does  not  happen  to  be  where  the  tree  is  planted, 
though  there  may  be  other  food  in  abundance,  it  will  not  become 
large  and  strong.  There  is  hardly  anything  more  wonderful  than  this 
instinct  of  trees  by  which  ihey  choose  their  food  so  unerringly,  and 
the  great  effort  which  they  seem  to  make  sometimes  in  order  to  get 
the  food  they  want.  While  they  can  not  move  from  place  to  place,  as 
as  most  animals  can,  because  they  are  fixed  to  one  spot,  though  some 
of  the  lower  order  of  plants  move  about  as  freely  as  animals,  they 
often  send  their  roots  long  distances  and  over  great  obstacles  in  search 
of  what  will  nourish  them.  Darwin,  speaking  of  the  motion  of  the 
root-tips  of  plants,  says : 

<'It  is  hardly  an  exaggeration  to  say  that  the  tip  of  the  radicle,  thus 
endowed  and  having  the  power  of  directing  the  movements  of  the 
adjoining  parts,  acts  like  the  brain  of  one  of  the  lower  animals;  the 
brain  being  seated  within  the  anterior  end  of  the  body,  receiving 
impressions  from  the  sense  organs,  and  directing  the  several  move- 
ments."^ 

Such  manifestations  of  life  in  the  trees  are  very  interesting.  They 
are  enough  to  make  us  feel  that  they  are  like  us  in  many  respects  and 
to  excite  in  us  a  sense  of  companionship  with  them,  and  we  can  hardly 
wonder  that  some  people  have  imagined  that  living  creatures  dwelt  in 
the  trees  and  peopled  the  woods  with  nymphs,  with  dryads  and  hama- 
dryads, or  that  in  their  superstition  some  have  even  worshipped  trees. 
If  we  had  more  of  that  fancy  of  the  old  Greeks,  that  when  a  tree  was 
wounded  the  nymph  who  dwelt  in  it  was  hurt  or  grieved,  we  shoukl, 
I>erhaps,  treat  the  trees  around  us  with  more  care  and  have  a  tenderer 
feeling  in  respect  to  them. 

^  Power  of  Movement  in  Plants. 
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TREES  IN  MASSES— FORESTS. 
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Interesting  as  trees  are,  considered 
singly,  admirable  for  their  beauty,  every 
leaf  a  worthy  object  of  study,  we  do  not 
know  their  value  and  importance  until 
we  contemplate  them  in  masses,  or  as 
forests.  The  single  tree  on  the  lawn  or 
by  the  roadside  may  be  more  beautiful 
and  excite  our  admiration  more  than  any 
to  be  found  in  the  forest,  because,  having 
abundant  space  and  light  and  air  on 
every  side,  it  has  developed  itself  sym- 
metrically and  to  the  full  .perfection  of 
its  nature,  which  the  tree  in  the  forest, 
more  or  less  crowded  by  its  neighbors, 
^  _  can  not  do.    But  when  we  come  to  con- 

— ^^^^j^-^^  sider  the  usefulness  rather  than   the 

beauty  of  trees,  we  must  look  to  the 
forests,  those  great  masses  which  often  cover  whole  mountains  or  vast 
plains  with  their  continuous  stretches.  Let  us  notice,  therefore,  some 
of  the  uses  of  masses  of  trees,  or  the  importance  which  trees  have  when 
growing  together  in  large  numbers,  and  which  does  not  belong  to  the 
tree  when  considered  singly. 

In  the  first  place,  then,  it  is  from  the  forest  that  we  obtain  the  fuel 
by  which  principally  we  warm  our  houses  and  sustain  the  fires  in  most 
of  our  furnaces  and  factories.  It  is  from  the  forest  that  we  obtain  the 
timber  for  the  construction  of  our  houses,  our  ships,  our  railway  cars, 
and  the  track  upon  which  the  cars  are  borne  so  smoothly  and  safely. 
It  is  the  forests  which  supply  us  with  the  raw  material  that  is  wrought 
into  so  many  objects  of  usefulness  and  convenience.  Professor  Sargent, 
who  undertook  ten  years  ago  to  ascertain  the  condition  of  the  forests 
of  the  United  States,  estimated  the  yearly  value  of  the  lumber,-  fuel, 
and  other  forest  products  at  that  time  as  more  than  $700,000,000.  Their 
value  is  now  at  least  $1,060,000,000,  a  sum  that  exceeds  the  value  of  our 
crops  of  wheat,  oats,  rye,  corn,  and  tobacco  taken  together,  and  is 
greater  than  that  of  all  our  exports,  and  more  than  fourteen  times  as 
great  as  the  produce  of  our  mines  of  silver  and  gold.  It  is  esti- 
mated that  we  consumed  last  year,  of  sawn  lumber  alone,  more  than 
30,000,000,000  square  or  superficial  feet.  But  such  figures  by  them- 
selves are  meaningless.  Let  us  consider,  then,  that  this  amount  of 
lumber  would  load  a  train  of  cars  sufficient  to  encircle  the  earth  at  the 
equator.  And  now,  if  we  add  to  the  sawn  lumber,  which  is  only  a 
small  part  of  the  total  produce  of  the  forests,  the  timber,  the  railroad 
ties,  the  telegraph  poles,  the  posts  for  fences,  and  the  wood  cut  for  fuel 
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and  for  raining  purposes,  we  shall  have  a  train  100,000  miles  in  length,  or 
long  enough  to  reach  ibur  times  around  the  globe.  The  weight  of  these 
forest  products  would  be  enough  to  load  480,000  ships  of  1,000  tons  each. 

When  we  see  thus  what  a  vast  amount  of  material  of  various  kinds 
is  taken  from  our  forests  every  year,  we  have  a  most  convincing  proof 
of  their  value.  We  see  at  a  glance  how  indispensable  they  are  to  our 
welfare,  how  many  industries  they  must  sustain,  how  many  comforts 
and  conveniences  they  must  provide  for  all. 

The  importance  of  the  forests  and  their  usefulness  to  us  may  be 
shown,  not  only  by  such  figures  as  we  havr  just  given,  which  indicate 
their  total  product,  but  iu  a  contrasted  way  by  considering  some  of 
what  may  be  called  the  nuthought-of  uses  of  the  forest,  because  they 
are  concerned  with  articles  individually  so  small  and  insignificant. 

A  toothpick,  for  instance,  is  a  little  thing,  the  merest  sliver  of  wood, 
yet  it  is  reported  that  one  factory  uses  10,000  cords  of  wood  annually  in 
the  production  of  these  splints. 

Shoe  pegs  are  small  affairs,  yet  a  single  factory  sends  40,000  bushels 
of  them  to  Europe  yearly,  besides  what  it  disposes  of  at  home. 

A  spool  is  of  small  account  to  us  when  emptied  of  the  thread  which 
has  been  wound  upon  it,  yet  there  are  several  factories  which  use  each 
from  1,800  to  3,500  cords  of  wood  every  year  in  making  these  little  arti- 
cles, and  in  one  factory  150  men  are  said  to  be  employed  in  their  man- 
ufacture. Thousands  of  acres  of  birch  trees  have  been  bought  at  one 
time  by  some  of  our  thread  manufacturing  companies,  for  the  sole  pur- 
pose of  securing  a  supply  of  spools. 

Who  thinks  much  of  the  little  friction  match,  as  he  uses  it  to  light  his 
lamp  or  his  fire  and  then  throws  it  away?  But  a  single  factory,  it  is 
said,  makes  60,000,000  of  these  little  things  every  day,  using  for  this 
purpose  12,000  square  feet  of  the  best  pine  timber. 

It  will  help  us  also  to  understand  how  much  we  are  indebted  to  the 
forests  when  we  find  that  we  consume  $12,000,000  worth  of  lumber  every 
year  for  the  packing-boxes  alone  which  are  required  simply  for  the 
transportation  of  our  various  commodities  from  the  producers  to  those 
who  use  them,  and  are  then  destroyed. 

In  what  has  been  said  now  about  the  products  of  the  forests  and  the 
benefits  which  they  confer  upon  us,  only  a  few  out  of  many  things  hav^e 
been  mentioned.  Nothing  has  been  said  of  the  gums  and  resins  and 
spices  which  they  afibrd,  and  which  are  of  so  much  service  to  us.  What 
a  loss  would  it  be  to  us,  for  instance,  if  we  were  to  be  deprived  of  india 
rubber  and  gutta  percha,  or  of  the  resin  and  turpentine  of  our  pine 
trees,  yielding  us  a  i)roduct  annually  valued  at  $8,000,000.  What  could 
take  their  place?  How  many  uses  we  have  for  them,  uses  many  of 
which  seem  indispensable.  How  important  to  us  also  is  the  bark  of 
ujany  trees.  We  are  dependent  upon  it  for  our  leather.  We  can  not 
put  on  a  shoe  or  walk  the  streets  without  being  reminded  of  our  indebt- 
edness to  the  trees.  How  many  valuable  dyestutfs,  also,  and  how  many 
healing  medicines  are  obtained  from  the  bark,  as  well  as  from  the  leaves 
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and  other  parts  of  the  trees.  From  their  seeds  and  nuts,  also,  wliat 
valuable  products  are  derived.  In  some  countries  these  supply  a  large 
part  of  the  food  of  the  people. 

But  the  forests  are  of  great  importance  to  us  not  only  on  account  of 
what  they  thus  yield  directly  for  our  use  and  comfort,  but  on  account 
of  their  relations  to  climate  and  health,  to  the  flow  of  streams,  and  to 
the  great  interests  of  agriculture,  commerce,  and  manufactures. 

By  reason  of  the  deep,  spongy  soil  formed  by  the  decay  of  their  leaves 
through  a  succession  of  years  the  forests  become  great  storehouses  of 
moisture.  The  rain  which  falls  upon  them,  instead  of  being  evaporated 
as  it  is  from  the  open  ground  or  tiowing  off  at  once  into  the  streams, 
perhii])s  with  destructive  violence,  sinks  into  the  soft  and  retentive 
soil,  from  which  it  flows  out  gradually  into  the  neighboring  runlets 
and  brooks  and  thence  into  the  larger  streams,  and  preserves  in  them 
an  equable  flow,  preventive  alike  of  flood  and  droughts.  It  is  esti- 
mated that  four-fifths  of  the  water  falling  on  wooded  areas  is  retained 
by  them,  whereas  on  those  which  are  without  timber  cover  only  one- 
fifth  is  retained,  the  other  four-fifths  rushing  off  in  torrents  and  often 
producing  disastrous  floods.  Through  many  an  under-ground  channel, 
also,  the  stored-up  water  of  the  forests  reappears  in  springs  in  the 
meadows  and  elsewhere,  to  slake  the  thirst  of  man  and  beast  and  give 
delight  to  old  and  young.  The  forests  are  thus  our  great  regulators  of 
water  supply.  They  also  protect  us  and  protect  our  crops,  our  fruits, 
and  our  flocks  from  the  violence  of  the  winds.  What  we  call  a  gentle 
wind  is  pleasant,  but  we  all  know  that  the  air  can  move  with  destructive 
violence.  We  all  know,  also,  how  grateful  is  the  shelter  which  a  grove 
or  even  a  narrow  belt  of  trees  affords  from  a  cold  wind.  When  the  air 
is  still  it  maybe  quite  cold  without  occasioning  us  much  discomfort; 
but  when  it  is  in  motion  it  absorbs  the  heat  of  our  bodies  more  rapidly 
by  the  more  frequent  contact  of  its  particles  with  them,  and  this  may  go 
so  far  as  to  be  very  painful  and,  perhaps,  destroy  life.  Now,  the  forests,  or 
even  a  few  rows  of  trees,  greatly  check  the  movement  of  the  winds  and 
thus  protect  us  both  from  their  chilling  effect  and  their  violence.  They 
do  the  same  for  the  crops  in  the  farmer's  fields  and  the  fruits  in  his 
orchards.  They  prevent  them  from  being  withered  and  blasted  by  cold 
or  hot  winds  or  from  being  broken  down  by  their  force.  People,  in  some  of 
our  western  States  especially,  have  found  "  shelter  belts,"  as  they  are  well 
called,  almost  indispensable  to  the  successful  cultivation  of  some  crops. 

By  equalizing  the  temperature  and  moisture  of  the  atmosphere  as 
they  do,  and  bj^  other  influences  which  they  exert,  the  forests  are  also 
promotive  of  health.  A  region  of  forests,  especially  if  it  is  elevated,  is  a 
healthful  region.  So  we  know  what  multitudes  resort  every  year  to  the 
White  Mountains  of  New  Hampshire,  and  to  the  Adirondacks  and  the 
Catskills,  or  to  the-  great  forest  regions  of  the  South  or  of  the  Rocky 
Mountains,  and  how  beneficial  to  health  they  find  them. 

In  whatever  aspect,  then,  we  contemplate  the  forests  we  see  that  they 
are  of  the  greatest  value  to  us. 
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TREES  IN  THEIR  LEAFLESS  STATE. 


As  the  season  for  Arbor  Day  and 
tree  planting  comes  on,  just  before  the 
buds  begin  to  swell  and  are  getting 
ready  to  cover  the  trees  with  a  fresh 
mantle  of  leaves,  it  is  well — as  it  is  also 
when  the  leaves  have  fallen  from  the 
trees  in  autumn — to  give  attention  to 
the  bare  trees  and  notic^e  the  character- 
istic forms  of  the  various  species,  the 
manner  in  which  their  branches  are 
develoi)ed  and  arranged  among  them- 
selves, for  a  knowledge  of  these  things 
will  often  enable  one  to  distinguish  the 
different  kinds  of  trees  more  readily 
and  certainly  than  by  any  other  means. 
The  foliage  often  serves  as  an  obscuring  veil,  concealing,  in  part,  at 
least,  the  individuality  and  the  peculiarities  of  the  trees.  But  if  one 
is  familiar  with  their  forms  of  growth — their  skeleton  anatomy,  so  to 
speak — he  will  recognize  common  trees  at  once  with  only  a  partial  view 
of  them. 

Some  trees,  as  the  oak,  throw  their  limbs  out  from  the  trunk  hori- 
zontally. As  Br.  Holmes  says:  "The  others  shirk  the  work  of  resist- 
ing gravity,  the  oak  defies  it.  It  chooses  the  horizontal  direction  for 
its  limbs  so  that  their  whole  weight  may  tell,  and  then  stretches  them 
out  fifty  or  sixty  feet  so  that  the  strain  may  be  mighty  enough  to  be 
worth  resisting." 

Some  trees  have  limbs  which  droop  toward  the  ground,  while  those 
of  most,  perhaps,  have  an  upward  tendency,  and  others  still  have  an 
upward  direction  at  first  and  later  in  their  growth  a  downward  inclina- 
tion, as  in  the  case  of  the  elm,  the  birch,  and  the  willows.  Some,  like 
the  oak,  have  comparatively  few  but  large  and  strong  branches,  while 
others  have  many  and  slender  limbs,  like  some  of  the  birches  and 
poplars. 

The  teacher  should  call  attention  to  these  and  other  characteristics 
of  tree  structure,  drawing  the  various  forms  of  trees  on  the  blackboard 
and  encouraging  the  pupils  to  do  the  same,  allowing  them  also  to  cor- 
rect each  other's  drawings.  This  will  greatly  increase  their  knowledge 
of  trees  and  their  interest  in  them  as  well  as  in  Arbor  Day  and  its 
appropriate  observance. 
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LEAVES,  AND  WHAT  THEY  DO. 

The  leaves  of  the  trees  afford  an  almost  endless  study  and  a  constant 
delight.  Frail,  fragile  things,  easily  crumpled  Jind  torn,  they  are  won- 
derful in  their  delicate  structure,  and  more  wonderful  if  possible  on 
account  of  the  work  which  they  perform. 

They  are  among  the  most  beautiful  things  offered  to  our  sight.  Some 
one  has  well  said  that  the  beauty  of  the  world  depends  as  much  upon 
leaves  as  upon  flowers.  We  think  of  the  bright  colors  of  flowers  and 
are  apt  to  forget  or  fail  to  notice  the  coloring  of  leav^es. 
But  what  a  picture  of  color,  beyond  anything  that 
flowers  can  give  us,  is  spread  before  our  sight  for 
weeks  every  autumn,  when  the  leaves  ripen  and  take 
on  hues  like  those  of  the  most  gorgeous  sunset  skies, 

and  the  wide 
landscape  is 
all  aglow  with 
them.  A  wise 
observer  has 
called  atten- 
tion also  to 
the  fact  that 
the  various 
kinds  of  trees 
have  in  the 
early  spring- 
time also, 
onlyinamore 

subdued  tone,  the  same  colors  whicli  they  put  on  in  the  autumn.  If 
we  notice  the  leaves  carefully,  we  shall  see  that  there  is  a  great  variety 
of  color  in  them  all  through  the  year.  While  the  prevailing  color,  or 
the  body  color,  so  to  speak,  is  green,  and  the  general  tone  of  the  trees 
seen  in  masses  is  green — the  most  pleasant  of  all  colors  to  be  abidingly 
before  the  sight — this  is  prevented  from  becoming  dull  or  somber  because 
it  comprises  almost  innumerable  tints  and  shades  of  the  selfsame  color, 
while  other  distinct  colors  are  mingled  with  it  to  such  an  extent  as  to 
enliven  the  whole  foliage  mass.  Spots  of  yellow,  of  red,  of  white,  and 
of  intermediate  colors  are  dashed  upon  the  green  leaves  or  become  the 
characteristic  hues  of  entire  trees,  and  so  there  is  brought  about  an 
endless  variety  and  beauty  of  color. 

Then  there  is  the  beauty  of  form,  size,  position,  and  arrangement-. 
Of  the  one  hundred  and  fifty  thousand  or  more  known  species  of  trees 
the  leaves  of  each  have  a  characteristic  shape.  The  leaves  of  no  two 
species  are  precisely  alike  in  form.  More  than  this  is  also  true.  No 
two  leaves  upon  the  same  tree  are  in  this  respect  alike.     While  there  is 


48  ARBOR    DAY — ITS    HISTORY    AND    OBSERVANCE. 

a  close  resemblance  among  the  leaves  of  a  given  tree,  so  that  one 
familiar  with  trees  would  not  be  in  doubt  of  their  belonging  to  the 
same  tree,  though  he  should  see  them  only  when  detached,  yet  there 
is  more  or  less  variation,  some  subtle  difference  in  the  notching  or  curv- 
ing of  the  leaf  edge  i)erhaps,  so  that  each  leaf  has  a  form  of  its  own. 
These  differences  of  shape  in  the  leaves  are  a  constant  source  of  beauty. 

What  a  variety  of  size  also  have  the  leaves,  from  those  of  the  birches 
and  willows  to  those  of  the  sycamores,  the  catalpas,  and  the  paulownias. 
On  the  same  tree  also  the  leaves  vary  in  size,  those  nearest  the  ground 
and  nearest  the  trunk  being  usually  larger  than  those  more  remote. 
How  different  as  to  beauty  would  the  trees  be  if  their  leaves  were  all  of 
the  same  size;  how  much  less  pleasing  to  the  sight. 

Then,  what  a  wide  difference  is  there  in  the  position  of  the  leaves  on 
tlie  trees  and  their  relative  adjustment  to  each  other !  Sometimes  they 
grow  singly,  sometimes  in  pairs,  sometimes  in  whorls  or  clusters.  Some 
droop,  others  spread  horizontally,  while  others  still  are  more  or  less 
erect.  The  leaves  of  some  trees  cling  close  to  the  branches,  others  are 
connected  with  the  branches  by  stems  of  various  length  and  so  are  capa- 
ble of  greater  or  less  movement.  The  leaves  of  poplars  and  aspens 
have  a  peculiarly  flattened  stem,  by  reason  of  which  the  slightest  breath 
of  wind  puts  them  in  motion. 

These  are  some  of  the  most  obvious  characteristics  of  the  leaves,  by 
which  also  they  are  made  the  source  of  so  much  of  the  beauty  of  the 
world  in  which  we  live.  It  will  be  a  source  of  much  pleasure  to  any- 
one who  will  begin  now,  in  the  season  of  swelling  buds  and  opening 
leaves,  to  watch  the  leaves  as  they  unfold  and  notice  their  various  forms 
and  colors  and  compare  them  one  with  another.  There  is  no  better 
way  of  gaining  valuable  knowledge  of  trees  than  this,  for  the  trees  are 
known  by  their  leaves  as  well  as  by  their  fruits. 

But  let  us  turn  now  from  their  outward  appearance  and  consider 
what  is  done  by  them,  for  the  leaves  are  among  the  great  workers  of 
the  world,  or,  if  we  may  not  speak  of  them  as  workers,  a  most  impor- 
tant work  is  done  in  or  by  means  of  them,  a  work  upon  which  our  own 
life  depends  and  that  of  all  the  living  tribes  around  us. 

Every  leaf  is  a  laboratory,  in  which,  by  the  help  of  that  great 
magician,  the  sun,  most  wonderful  changes  and  transformations  are 
wrought.  By  the  aid  of  the  sun  the  crude  sap  which  is  taken  up  from 
the  ground  is  converted  by  the  leaves  into  a  substance  which  goes  to 
build  up  every  part  of  the  tree  and  causes  It  to  grow  larger  from  year 
to  year;  so  that  instead  of  the  tree  making  the  leaves,  as  we  commonly 
think,  the  leaves  really  make  the  tree. 

Leaves,  like  other  parts  of  the  plant  or  tree,  are  composed  of  cells 
and  also  of  woody  material.  The  ribs  and  veins  of  the  leaves  are  the 
woody  part.  By  their  stiffness  they  keep  the  lefives  spread  out  so  that 
the  sun  can  act  upon  them  fully,  and  they  ])reventthem  also  from  being 
broken  and  destroyed  by  the  winds  as  they  otherwise  would  be.    They 


ARBOR    DAY ITS    HISTORY    AND    OBSERVANCE,  49 

serve  also  as  ducts  or  conduits  by  which  the  crude  sap  is  conveyed  to 
the  leaves  aud  by  whicli,  when  it  has  there  been  made  into  plant  food, 
it  is  carried  into  all  parts  of  the  tree  for  its  nourishment.  Protected 
and  upheld  by  these  expanded  woody  ribs,  tlie  body  of  the  leaf  consists 
of  a  mass  of  pulpy  cells  arranged  somewhat  loosely,  so  that  there  are 
spaces  between  them  through  which  air  can  freely  pass.  Over  this 
mass  of  cells  there  is  a  skin,  or  epidermis,  as  it  is  called,  the  green 
suriace  of  the  leaf.  In  this  there  are  multitudes  of  minute  oi)enings, 
or  breathing  pores,  through  which  air  is  admitted  and  through  which 
also  water  or  watery  vapor  i)asses  out  into  the  surrounding  atmosphere. 
In  the  leaf  of  the  white  lily  there  are  as  many  as  (jO,()UO  of  these  open- 
ings in  every  square  inch  of  surface  and  in  the  apple  leaf  not  fewer 
than  24,000.  These  breathing  porcs,  called  stomates,  are  mostly  on  the 
under  side  of  the  leaf,  except  in  the  case  of  leaves  which  float  upon 
the  water.  There  is  a  beautiful  contrivance  also  in  connection  with 
these  pores,  by  which  they  are  closed  when  the  air  around  is  dry  and 
the  evaporation  of  the  water  from  the  leaves  would  be  so  rapid  as  to 
be  harii.ful  to  the  tree  and  are  opened  when  the  surrounding  atmos- 
phere is  moist. 

The  green  color  of  the  leaves  is  owing  to  the  presence  in  the  cells  of 
minute  green  grains  or  granules,  called  chlorophyll,  which  means  leaf- 
green,  and  these  granules  are  indispensable  to  the  carrying  on  of  the 
important  work  which  takes  place  in  the  leaves.  They  are  more  numer- 
ous and  also  packed  more  closely  together  near  the  upper  surface  of 
the  leaf  than  they  are  near  the  lower.  It  is  because  of  this  that  the 
upper  surface  is  of  a  deeper  green  than  the  lower. 

Such,  then,  is  the  laboratory  of  the  leaf,  the  place  where  certain 
inorganic,  lifeless  substances,  such  as  water,  lime,  sulphur,  potash,  and 
phosphorus,  are  transformed  and  converted  into  living  and  organic 
vegetable  matter,  and  from  which  this  is  sent  forth  to  build  up  every 
part  of  the  tree  from  deepest  root  to  topmost  sprig.  It  is  in  the 
leaves  also  that  all  the  food  of  man  and  all  other  animals  is  prepared, 
for  if  any  do  not  feed  upon  vegetable  substances  directly  but  upon 
flesh,  that  flesh  nevertheless  has  been  made  only  as  vegetable  food  has 
been  eaten  to  form  it.  It  is,  as  the  Bible  says,  "  The  tree  of  the  field 
is  man's  life." 

But  let  us  consider  a  little  further  the  work  of  the  leaves.  The  tree 
is  made  up  almost  wholly  of  oxygen,  hydrogen,  and  carbon.  It  is  easy 
to  see  where  the  oxygen  and  hydrogen  are  obtained,  for  they  are  the 
two  elements  which  compose  water,  and  that  we  have  seen,  the  roots 
ar  absorbing  from  the  ground  all  the  while  and  sending  through  the 
body  of  the  tree  into  the  leaves.  But  where  does  the  carbon  come 
from?     A  little  examination  will  show. 

The  atmosphere  is  composed  of  several  gases,  mainly  of  oxygen  and 
nitrogen.  Besides  these,  however,  it  contains  a  small  portion  of  car- 
bonic acid,  that  is,  carbon  chemically  united  with  oxygen.  The  carbonic 
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acid  is  of  no  use  to  us  directly,  and  in  any  but  very  minute  quantities  is 
harmful;  but  the  carbon  in  it,  if  it  can  be  separated  from  the  oxygen,  is 
just  what  the  tree  and  every  plant  wants.  And  now  the  work  of  separat- 
ing the  carbon  from  the  oxygen  is  precisely  that  which  is  done  in  the 
wonderful  laboratory  of  the  leaf.  Under  the  magic  touch  of  the  sun,  the 
carbonic  acid  of  the  atmosphere,  which  has  entered  the  leaf  through  the 
breathing  pores  or  stomates  and  is  circulating  through  the  air-passages 
and  cells,  is  decomposed,  that  is,  taken  to  pieces;  the  oxygen  is  poured 
out  into  the  air  along  with  the  watery  vapor  of  the  crude  sap,  while  the 
carbon  is  combined  with  the  elements  of  water  and  other  substances 
which  we  have  mentioned,  to  form  the  elaborated  sap  or  plant  material 
which  is  now  ready  to  be  carried  from  the  leaves  to  all  i)arts  of  the  i)lant 
or  tree,  to  nourish  it  and  continue  its  growth.  Such  is  the  important 
and  wonderful  work  of  the  leaf,  the  tender,  delicate  leaf,  which  we 
crumple  so  easily  in  our  fingers.  It  builds  up,  atom  by  atom,  the  tree 
and  the  great  forests  which  beautify  the  world  and  provide  for  us  a 
thousand  comforts  and  conveniences.  Our  houses  and  the  furniture  in 
them,  our  boats  and  ships,  the  cars  in  which  we  fly  so  swiftly,  the  many 
beautiful  and  useful  things  which  are  manufactured  from  wood  of  var- 
ious kinds,  all  these,  by  the  help  of  the  sun,  are  furnished  us  by  the  tiny 
leaves  of  the  trees. 


THE  BEST  USE  OF  ARBOR  DAY. 


Arbor  Day  to  be  most  useful,  as  well 
as  most  pleasant,  should  not  stand  by 
itself,  alone,  but  be  connected  with  much 
study  and  talk  of  trees  and  kindred  sub- 
jects beforehand  and  afterwards.  It 
should  rather  be  the  focal  or  culminating 
point  of  the  year's  observation  of  trees 
and  other  natural  objects  with  which 
they  are  closely  connected.  The  wise  teacher 
seek  to  cultivate  the  observing  faculties  of 
the  pupils  by  calling  their  attention  to  the  inter- 
esting things  with  which  the  natural  world  abounds. 
It  is  not  necessary  to  this  that  there  should  be  formal 
classes  in  botany  or  any  natural  science,  though  we 
think  no  school  should  be  without  its  botanicjil  class  or  classes,  nor 
should  anyone  be  eligible  to  the  place  of  a  teacher  in  our  public 
schools  who  is  not  competent  to  give  efficient  instruction  in  botany  at 
least. 

Bnt  much  maybe  done  in  this  direction  informally  by  brief,  familial 
talks  in  the  intervals  between  the  regular  recitations  of  the  school- 
room, or  during  the  walks  to  and  from  school.    A  tree  by  the  roadside 
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will  furnish  an  object  lesson  for  pleasant  and  profitable  discourse  for 
many  days  and  at  all  seasons.  A  few  flowers,  whicli  teacher  or  pupil 
may  bring  to  the  schoolroom,  will  easily  be  made  the  means  of  inter- 
esting* the  oldest  and  the  youngest  and  of  imparting  the  most  profit- 
able instru(;tion.  How  easy  also  to  plant  a  few  seeds  in  a  vase  in  the 
schoolroom  window  and  to  encourage  the  pupils  to  watch  their  si)rout- 
ing  and  subsequent  growth. 

The  pupils  can  also  be  readily  interested  in  getting  sections  of  trees 
so  cut  as  to  show  the  structure  of  the  wood,  and  with  a  jjortion  of  the 
bark  left  upon  them.  It  will  require  but  a  short  time  to  accumulate 
quite  a  collection  of  such  specimens  in  the  schoolroom,  and  they  will 
serve  as  a  standard  of  reference  with  which  to  comi)are  fresh  speci- 
mens and  identify  them.  One  face  of  the  sections  should  be  smoothed 
and  varnished,  the  others  should 
be  left  as  when  split  from  the  tree. 
The  cut  appended  shows  a  good 
form  for  such  sections. 

Then  it  should  not  be  difficult 
to  have  a  portion  of  the  school 
grounds  set  apart,  where  the 
pupils  might,  with  the  teacher's 
guidance,  plant  flower  and  tree 
seeds  and  thus  be  able  to  observe 
the  ways  and  characteristics  of 
plants  in  all  periods  of  their 
growth.  They  could  thus  provide 
themselves  with  trees  for  plant- 
ing on  future  Arbor  Days,  and  at 
the  time  of  planting  there  would 
be  increased  enjoyment  from  the 
fact  that  they  had  grown  the 
trees  for  that  very  purpose. 

Why  might  not  every  schoolhouse  ground  be  made  also  an  arbore- 
tum, where  the  pupils  might  have  under  their  eyes,  continually,  speci- 
mens of  all  the  trees  that  grow  in  the  town  or  in  the  State  where  the 
school  is  situated?  It  would  require  but  a  little  incitement  from  the 
teacher  to  make  the  pupils  enthusiastic  with  the  desire  to  find  out  the 
different  species  indigenous  to  the  region  and  to  gather  them  by  sowing 
seeds  or  planting  the  young  trees  around  their  place  of  study. 

And  if  the  school  premises  are  now  too  small  in  extent  to  admit  of 
such  a  use,  let  the  pupils  make  an  earnest  plea  for  additional  ground. 
As  a  general  fact  our  school  grounds  have  been  shamefully  limited  in 
extent,  and  neglected  as  to  their  use  and  keeping.  The  schoolhouse  in 
itself  and  in  its  surroundings  ought  to  be  one  of  the  most  beautiful  and 
attractive  objects  to  be  seen  in  any  community.  The  approach  from  the 
street  should  be  like  that  to  any  dwelling  house,  over  well-kept  walks, 


52 


ARBOR    DAY ITS    HISTORY    AND    OBSERVANCE. 


bordered  by  greea  turf,  with  trees  and  shrubs  and  flowers  offering  their 
adornment.  Everything  should  speak  of  neatness  and  order.  The 
playground  should  be  ample,  but  it  should  be  in  a  retired  situation  and 
by  itself. 

Europeans  are  in  advance  of  us  in  school  management,  '^rhe  Aus- 
trian public  school  law  reads  : 

"In  every  school  a  gymnastic  ground,  a  garden  for  the  teacher, 


according  to  the  circumstances  of  the  community,  and  a  place  for  the 
purposes  of  agricultural  experiment,  are  to  be  created." 

There  are  now  nearly  8,000  school  gardens  in  Austria,  not  including 
Hungary.  In  France,  also,  gardening  is  taught  in  the  primary  and 
elementary  schools.  There  are  nearly  30,000  of  these  schools,  each  of 
which  has  a  garden  attached  to  it,  and  the  minister  of  public  instruc- 
tion has  resolved  to  increase  the  number  of  school  gardens,  and  that 
no  one  shall  be  appointed  master  of  an  elementary  school  unless  he  can 
prove  himself  capable  of  giving  practical  instruction  in  the  culture  of 
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mother  eartli.  In  Sweden,  in  1894,  there  were  80,000  children  in  the 
public  scliools  receiving-  instruction  in  horticulture  and  tree  planting. 
Each  ot  more  than  4,500  schools  had  for  cultivation  from  one  to  two 
acres  of  ground. 

Why  should  we  be  behind  the  Old  World  in  caring  for  the  schools? 
By  the  munificence  of  one  of  her  citizens  New  York  has  twice  offered 
premiums  for  the  best-kept  school  grounds.  Why  may  we  not  have 
Arbor  Day  ju'emiums  in  all  of  our  States  and  in  every  town  for  the 
most  tasteful  arrangement  of  schoolhouse  and  grounds?  These  places 
of  education  should  be  the  pride  of  every  community  instead  of  being, 
as  they  so  often  are,  a  reproach  and  shame. 


TREE  PLANTING. 

In  considering  tree  planting  in  connection 
with  Arbor  Day,  the  first  question  to  arise  is, 
Where  shall  we  plant  ?  It  is  obvious  that  the 
practical  work  of  Arbor  Day  can  not  include 
forest  planting.  That  is  a  work  so  large  and 
special  in  its  nature  as  to  require  the  com- 
bined efi^brt  of  i^ersons  in  an  organized  capac- 
ity, such  as  a  town,  county,  or  State,  which 
shall  either  do  the  work  outright  or  give  such 
encouragement  and  help  as  will  stimulate  individual  effort  to  the 
requisite  degree.  Arbor  Day  observances,  to  be  sure,  should  not  lose 
sight  of  the  fact  that  Ave  need  something  besides  planting  trees  by  the 
roadside  or  on  the  lawn,  or  here  and  there  one  in  memory  of  some  dis- 
tinguished person;  something  more  than  the  landscape  gardener's  art 
in  planting  appropriately  public  parks.  ^ 

These  works  of  minor  importance  should  lead  to  such  a  knowledge 
of  the  uses  of  trees  in  masses — the  extensive  forests— in  connection  with 
climate,  with  the  flow  of  streams  and  consequently  with  agricultural 
operations  and  with  manufactures,  in  short,  with  the  general  interests 
of  household  and  business  life,  that  in  due  time  there  will  be  developed 
a  sentiment  that  will  be  powerful  to  arrest  the  wasteful  and  unneces- 
sary destruction  of  our  forests  and  insure  the  planting  of  them  in 
l>laces  from  which  they  have  been  removed  or  where  they  are  specially 
needed.  One  thing  is  to  be  remembered  and  it  is  calculated  to  lend 
eftectiveness  to  the  work  of  Arbor  Day.  It  is  that  trees  are  living  and 
self-i)ropagating  things;  that  it  is  their  nature  to  grow,  and  that  they 
will  grow  and  extend  themselves  on  every  hand  if  not  interfered  with 
and  thwarted  by  man.  As  an  illustration  of  this  we  see  the  abandoned 
farms  on  our  hillsides  soon  filling  up  with  a  wood  growth.    It  may  not 


'Tho  Department  of  Agriculture  has  treated  the  subject  of  forest  planting  in 
Bulletin  No.  5,  "  Forestry  for  Farmers/'  recently  published. 
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be  of  tlie  most  valuable  or  desirable  character,  but  it  shows  what 
nature  is  ready  to  do,  and  it  indicates  a  direction  in  which  the  intiuence 
of  Arbor  Day  may  be  made  effective. 

Let  it  be  understood  that  the  hills  and  mountain  slopes  are  worth 
more  for  the  growth  of  trees  than  for  agricultural  use,  or  rather  that 
the  tree  crop  is  the  most  appropriate  agricultural  crop  for  the  hill  and 
mountain  slojies,  the  rocky  surfaces  which  resist  the  plow  and  the  hoe. 
Let  the  farmer  learn  that  if  he  will  but  exclude  from  his  woodlands  the 
browsing  cattle,  which  are  ready  to  eat  off  ev^ery  tender  tree  as  it  sprouts 
from  the  ground  and  to  break  down  with  their  heavy  bulk  those  which 
liave  already  attained  a  hopeful  size,  and  if  he  will  cull  the  inferior 
trees  instead  of  the  best,  for  his  occasional  uses,  and  fill  the  too  wide 
vacant  spaces  with  a  judicious  planting,  he  may  soon  have  a  woodland, 
though  it  may  not  have  the  dimensions  of  a  forest,  which  will  be  of 
manifold  benefit  to  him  as  well  as  to  others  and  be  increasing  in  value 
from  year  to  year.  This  use  of  elevated  and  rock}^  lands,  where  ordi- 
nary agriculture  is  difficult  and  comparatively  unremunerative,  ought 
to  be  encouraged  by  the  Arbor  Day  movement.  It  may  and  should 
make  itself  felt  in  this  direction. 

The  same  is  true  in  reference  to  many  sandy  and  swampy  lands. 
These  will  nourish  trees  and  prove  a  perpetual  source  of  income. 
Trees,  unlike  the  ordinary  farm  crops,  continually  imi)rove  tlie  quality 
of  the  ground  on  which  they  grow.  The  German  Government,  in  its 
wise  and  careful  management,  is  constantly  buying  up  the  worn  out  or 
impoverished  farms  of  its  husbandmen  and  by  stocking  them  with  trees 
restoring  their  fertility  and  fitting  them  again  for  agricultural  use. 
On  a  great  many  of  our  light,  sandy  soils,  now  left  as  wind-swept 
barren  fields  or  yielding  only  the  most  meager  crops,  a  growth  of  that 
most  valuable  tree  the  white  pine  {Pinus  strohus),  may  be  secured  in 
twenty  years  and  even  less,  of  marketable  size.  There  is  a  great  demand 
for  the  wood  of  this  tree  in  its  early  stages,  for  the  manufacture  of  staves, 
for  tubs  and  small  casks,  as  well  as  for  other  uses,  and  many  land, 
owners  are  finding  it  quite  profitable  to  raise  and  market  this  pine  at  a 
comparatively  early  age. 

This  is  not  the  place  to  discuss  further  the  subject  of  forest  planting 
or  forest  i)reservation,  unless  it  be  to  say  that  perhaps  a  greater  enemy 
of  the  forest  than  the  ax  is  fire,  and  that  wherever  there  is  regard 
enough  for  trees  to  occasion  the  observance  of  Arbor  Day  there  ought 
to  be  also  consideration  enough  for  tlie  preservation  of  the  forests  of 
the  vicinity  to  inaugurate  some  well  arranged  and  efficient  phin  to  i)ro- 
tect  them  from  the  flames  which,  kindled  by  accident  or  carelessness, 
are  not  only  a  detriment  to  the  legal  owner  of  the  forest  but  to  the 
whole  comnumity,  for,  in  an  important  sense,  the  forests  are  common 
property.  By  their  beauty,  their  influence  upon  climate  and  water 
supply,  they  are  of  benefit  to  all  who  live  in  sight  of  them  and  may  be 
to  those  more  distant  from  them.  All,  therefore,  ought  to  be  ready  to 
make  their  preservation  a  common  cause. 
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STREET  PLANTING. 
Forests  apart,  if  the  question  arises  where  to  plant,  nearly  all  will 
say  plant  along  the  borders  of  the  streets.  This  is  natural  and  right, 
and  so  the  iirst  thing  which  the  village  improvement  societies,  which 
have  sprung  up  so  abundantly  of  late,  have  done  has  been  to  plant 
trees  on  the  roadsides.  Unfortunately,  also,  this  has  too  often  been  the 
last  thing.  Village  improvement  has  frequently  exhausted  itself  by  the 
wayside.  This  speaks  well  for  the  general  estimate  of  trees,  however 
it  may  speak  for  the  people's  estimate  of  what  constitute  the  needs  or 
the  possibilities  of  village  life. 


Lane  at  Darlington,  Md. 

Certainly  no  one  thing  adds  so  much  to  the  appearance  of  town  or 
village,  or  affords  so  much  outward  comfort  to  its  people,  as  to  have  its 
streets  i^roperly  planted  with  trees.  As  a  source  of  embellishment  noth- 
ing can  surpass  it.  How  much  would  it  detract  from  the  charm  of 
Washington,  celebrated  for  beauty  on  account  of  its  broad  streets,  ample 
parks,  and  the  plan  on  which  they  are  constructed,  if  its  80,000  or  more 
trees  which  border  those  streets  and  adorn  those  parks  were  removed? 
Washington  would  be  distinctly  another  city  than  it  now  is.  But  what 
is  true  of  the  National  Capital  is  true  of  the  smaller  town  or  village. 
The  difference  is  not  in  kind,  but  only  in  scale  or  dimension. 

In  deciding,  however,  what  trees  are  most  desirable  for  street  or 
roadside  planting,  no  little  difficulty  arises.    No  general  list  can  be 
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made  for  such  au  extensive  coud try  as  ours.  Trees  which  will  grow 
well  and  are  all  that  can  be  desired  in  one  i)ortion  of  it  are  not  suitable 
for  another.  Trees  which  are  at  home  on  the  Pacific  Coast  will  pine 
away  and  die  on  the  Atlantic.  Even  in  localities  separated  by  only 
a  few  miles  the  same  kinds  of  trees  may  not  flourish.  Differences  of 
soil  and  climate,  or  a  particular  exposure,  determine  to  a  great  extent 
what  trees  are  to  be  chosen  if  we  would  be  successful  in  our  jdanting. 
In  cities,  the  prevalence  of  smoke  in  the  atmosi)here,  or  the  escape 
of  illuminating  or  other  gases,  complicate  the  problem  and  make  the 
selection  additionally  difBcult. 

The  American  Forestry  Association  appointed  a  committee  several 
years  ago  for  the  purpose  of  making  a  list  of  trees  most  desirable  for 


street  tree  planting. 


Street  planting,  but  the  committee  has  not  yet  reported.  To  make  a 
list  large  enough  for  the  whole  country  would  be  to  include  so  many 
trees  that  it  would  be  of  little  use  for  any  particular  locality,  and  to 
make  one  for  a  given  i)lace  would  be  of  little  use  to  the  country  at  large. 
Each  locality  must  have  its  selection  of  trees  made  with  reference  to  its 
particular  circumstances.  Happily,  we  have  an  unusually  large  variety 
of  trees,  excelling  by  far  that  of  any  other  country,  which  admits  a 
choice  of  valuable  kinds  adapted  to  every  situation.  Trees  can,  indeed, 
be  acclimated,  as  i)eople  can,  and  when  removed  from  their  native  places 
to  other  and  different  ones  can  be  made  to  adapt  themselves  to  their  new 
environment.    Their  growth,  however,  is  apt  to  bo  more  or  less  feeble 
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and  unsatisfactory.  Trees  Lave  their  natural  homes,  in  which  they 
attain  their  best  development.  The  geologist,  as  he  may  be  traveling 
swiftly  over  the  country,  can  ascertain  tlie  character  of  tlie  soil,  its  min- 
eral composition,  from  the  prevailing  kinds  of  trees  which  from  time  to 
time  meet  his  sight. 

Some  trees  are  less  particular  than  others  in  their  choice  of  climatic 
or  soil  conditions,  and  therefore  are  available  for  planting  over  a  wider 
range  of  territory  and  under  a  greater  variety  of  exposure.  They  will 
have  their  places,  conseiiuently,  in  many  lists  of  desirable  trees. 

The  Tree  Planting  and  Fountain  Society  of  Brooklyn,  N.  Y.,  a  few 
years  ago  sent  a  request  to  various  nurserymen,  landscape  architects, 
practical  arboriculturists,  and  private  citizens  in  different  parts  of  the 
country  for  a  small  list  of  what  they  deemed  the  most  suitable  trees  to 
be  recommended  for  planting  on  the  streets  of  Brooklyn,  a  general 
description  of  the  character  of  the  soil  of  the  city  having  been  sent 
with  the  request.  Three  classes  of  trees  were  asked  for — large,  medium 
sized,  and  smaller,  for  wide  streets,  narrow  ones,  and  those  of  inter- 
mediate width.  The  lists  received  were  interesting  as  showing  the  vary- 
ing estimates  of  tlie  same  tree  by  difterent  i)ersons  and  also  the  sub- 
stantial agreement  of  the  same  persons  in  regard  to  a  large  number  of 
trees. 

Fifteen  lists  were  sent  in,  and  in  all  about  sixty  trees  were  recom- 
mended. Of  these  the  I^orway  maple  was  most  frequently  found  on  the 
lists,  followed  in  the  order  of  preference  by  the  sugar  maple,  oriental 
phine,  laurel-leaved  willow,  silver  maple,  European  linden,  American 
elm,  sweet  gum,  catalpa,  yellowwood,  pin  oak,  white  oak,  American 
linden,  or  basswood,  hackberry,  scotch  elm,  koelreuteria,  and  tulip 
poplar.  The  other  trees  on  the  lists  were  named  only  in  one  or  two 
instances  each. 

In  another  list,  sent  from  the  Division  of  Forestry  of  the  Department 
of  Agriculture,  and  in  which  the  rating  of  the  trees  was  made  up  from 
a  consideration  of  eight  separate  points,  viz,  endurance,  or  ability  to 
withstand  more  or  less  unfavorable  conditions,  recuperative  power,  or 
ability  to  heal  wounds  and  outgrow  other  injuries,  cleanliness,  beauty 
of  form,  abundance  of  shade,  extent  of  the  season  when  in  leaf,  rapid- 
ity of  growth,  and  length  of  life  period,  the  trees  stood  rated  in  the 
three  classes  thus: 

LARGE-SIZED   TREES. 


Red  oak  (Qiterms  rubra),  22. 
Scarlet  oak  (Quercus  coceinea),  22. 
Yellow  oak  {Quercus  tinctoria),  22. 
American  elm  (  Ulmus  amcricana),  22. 
Sugar  m;i2>lc  {Acer  saccharlnum),  19. 
Black  maplo  (Acer  nigrum),  19. 
Tulip  tree  (Liriodendron  tulipifera),  19. 
European  linden  (Tilia  vulgaris),  19. 
Sweet  gum  (Liquidamhar  atyracijlua),  19. 
White  oak  (Quercus  alba),  19. 


Burr  oak  (Quercus  macrocarpa),  19. 

Oriental  plane  tree  (Platanus  orientalis), 
19. 

Kentucky  coffee  tree  ( Gymnoeladus  cana- 
densis), 19. 

American  plane  tree  (Platanus  occidental 
lis),  18. 

Sycamore  maj^le  (Acer  jyseudoplatanua). 
Id. 

American  linden  (Tiiia  americana),  17. 
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MEDIUM-SIZED   TREES. 


Red  maple  (Acer  rubrnm),  22. 
Shingle  oak  (Quercua  iinhricaria),  21. 
Willow  oak  (Querciis  phellos),  21. 
Slippery  elm  (  Ulmits  fulva),  21. 
Norway  maple  (Acer platanoides),  20. 
Box  elder  {Negundo  aceroides),  20. 
European  elm  (  Ulmus  campestrta),  19. 
Scotch  elm  (  Ulrmts  montana),  19. 
Hackberry  (Celtis  occidentalia),  19. 
Silver-leaved  maple  {Acer  daay  car pum),  17. 
Tie&oi^ediy&a.{Ailanthu8glandulo8U8),  16. 


Horse  chestnut  {^aculua  hippocastanum), 

16. 
Japanese  sophora  (Sophora  japonica),  16. 
Hardy  catalpa  (Cafalpa  spedosa),  16. 
Ginkgo    or    maiden    hair    tree    (Ginkgo 

biloha),  16. 
Honey  locust  (Gleditaia  triacanthos),  15. 
Cottonwood  (Populus  monilifera) ,  15. 
Balm  of  Gilead  (Populus  hahamifera  var, 

candicans),  15. 
Black  locust  (Rohinia  pseudacacia),  14. 


SMALL-SIZED   TREES. 


English  maple  (Acer  campestre),  21. 
Round-top   locust  (Rohinia   pseudacacia- 

form),  18. 
Red  horse-chestnut  (^sculus  ruhicunda), 

17. 
Laurel-leaved  willow  (Salix  pentandra), 

17. 


Bay  wallow  (Salix  laurifolia),  17. 
Green  ash  (Fraxinus  viridis),  16. 
European  mountain  ash  (Sorbua  aucupa- 

ria),  15. 
American    mountain    ash    (Pyrua   ameri- 

cana),  15. 
Yellow  wood  (Cladaatria  tinctoria),  15. 


The  rating  of  trees  in  this  list  does  not  differ  essentially  from  the 
average  rating  of  the  lists  already  referred  to.  Such  lists  can  not  be 
taken  as  authoritative  or  decisive,  but  only  as  helps.  Persons  of 
equally  good  judgment  will  differ  in  their  estimate  of  particular  trees, 
and  time  and  trial  will  be  needed  in  order  to  reach  a  final  decision  as 
to  the  trees  best  adapted  for  use  in  any  given  place. 

It  hardly  needs  to  be  said  that  it  is  only  on  broad  streets  or  where 
buildings  are  set  well  back  from  the  street  that  such  widespreading 
trees  as  some  of  the  oaks  are  desirable  for  planting;  but  the  oaks  are 
among  our  best  trees  where  there  is  room  for  them,  and  they  should  be 
planted  on  our  streets  much  more  than  the^^  have  been.  For  ordinary 
streets,  and  especially  for  those  which  are  narrow,  such  trees  should  be 
chosen  as  do  not  grow  to  large  size  or  such  as  are  spiry  topped.  Of  the 
latter  a  new  comer  among  us  may  be  favorably  mentioned,  the  ginkgo. 
This  is  one  of  the  few  trees  which  it  seems  desirable  to  cultivate  in  addi- 
tion to  the  large  number  of  valuable  native  trees  which  we  have.  But 
the  peculiarity  of  its  form  and  of  its  leaves,  which  mark  a  blending  of 
the  broad-leafed  and  the  needle-shaped  leaves,  and  its  wonderful  golden 
coloring  in  autumn,  make  it  very  attractive,  and  it  is  well  adai)ted  for 
planting  on  narrow  streets  as  well  as  singly  in  open,  lawn-like  spaces. 
Whoever  has  seen  the  avenue  leading  up  to  the  main  building  of  the 
Department  of  Agriculture,  which  is  bordered  with  the  ginkgo,  must 
feel  that  it  is  one  of  the  most  desirable  trees  for  similar  use.  What 
degree  of  cold  this  tree  will  endure  remains  to  be  seen,  but  it  is  growing 
well  as  far  north  as  Boston. 

A  good  word  should  be  said  also  for  the  ailanthus.  It  was  formerly 
a  favorite  tree,  but  has  been  discarded  on  account  of  its  unpleasant 
odor  in  its  flowering  season.    This,  however,  may  be  avoided  by  planting 
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only  the  pistillate  trees,  as  the  odor  is  noticeable  from  the  staminate 
trees  only.  Professor  Sargent  speaks  of  the  aihiiithns  as  ^' probably  the 
best  street  tree  that  has  ever  been  used  in  northern  cities." 

PLANTING  ON  SCHOOL  GROUNDS. 

Where  Arbor  Day  is  observed  by  the  schools  it  will,  perhaps,  seem 
that  tree  plantin<i  on  the  scIkjoI  grounds  deserves  consideration  before 
planting  on  tlie  street  borders;  but  the  two  are  nearly  related.  If  an 
attemi)t  is  made  to  plant  around  the  schoolhouse,  some  street  planting 
will  almost  necessarily  be  done  in 
connection  with  It.  Certainly  the 
pui)ils  of  any  school  should  be  en- 
couraged to  plant  trees  about  the 
building  to  which  they  come  day 
after  day  and  where  so  much  of 
their  time  is  spent.  They  snould 
be  encouraged  to  make  it  beauti- 
ful and  attractive  now  with  foli- 
age and  flowers,  and  a  place  to 
which  tliey  may  look  back  in  after 
life  with  pleasant  memories. 

Even  the  smallest  school  ground 
is  large  enough  to  admit  some  em- 
bellishment of  tree  or  shrub,  and 
even  a  single  tree  will  add  attract- 
iveness to  the  place.  Such  a  tree 
planted  by  the  children  them- 
selves will  be  regarded  as  their 
common  property.  All  will  be  in- 
terested in  it  and  will  combine  to 
protect  it  and  give  it  all  needed 
care.  In  so  doing  they  will  learn 
manifold  lessons  in  regard  to  tree 

growth  and  habits,  in  regard  also  to  the  ways  of  the  birds  and  insects 
which  will  frequent  it.  While  they  are  cultivating  the  tree  they  may 
also  be  cultivating  in  themselves  the  best  traits  of  character  and  gain- 
ing as  much  as  from  their  books.  But  it  is  to  be  hoped  that  most  of 
our  school  grounds  are  ample  enough  to  admit  of  a  considerable  number 
of  trees  and  shrubs  and  flowery  plants  besides.  Then  there  will  be 
opportunity  for  planting  a  variety  of  trees  and  for  a  careful  study  in 
order  to  select  the  best,  both  for  beauty  and  for  adaptation  to  the  place 
where  they  are  to  stand  and  grow.  Care  should  be  taken  that  the  plant- 
ing of  the  school  grounds  shall  not  be  done  hastily  or  without  due  con- 
sideration, nor  that  too  much  be  done  in  a  single  season.  Leave  some 
work  to  be  done  in  coming  years  to  give  new  zest  to  the  Arbor  Day 
exercises.  One  tree  well  chosen  and  well  planted  is  worth  a  dozen  or  a 
score  selected  and  planted  as  trees  often  are. 
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With  many  persons  a  tree  is  a  tree,  and  peculiarities  of  nature  or 
habit  of  growth  are  taken  little  account  of.  It  is  enough  also  with 
many,  in  planting,  if  a  hole  is  made  in  the  ground  and  the  roots  of  the 
tree,  many  or  few,  are  thrust  into  it  and  hastily  covered  with  earth 
again.  One  of  the  most  difficult  things  to  do  is  to  get  a  tree  properly 
planted,  and  yet  tree  planting  is  a  very  simple  thing.  It  consists  in 
taking  a  tree  out  of  the  ground  without  injury  and  placing  it  in  the 
ground  again  in  another  place  also  without  injury,  and  with  a  corre- 
sponding connection  with  the  soil  such  as  it  had  before.  This  simply 
requires  time,  patience,  and  care.  Yet  in  planting  a  single  tree  a  boy 
may  learn  a  lesson  of  lifelong  value  to  him. 

The  life  of  a  tree  depends  upon  its  roots.  Through  them  it  gets  its 
nourishment.  But  it  is  not  through  those  which  are  large  and  most 
visible.  It  is  through  the  finest  roots,  and  still  more  the  scarcely  vis- 
ible root  hairs  which  are  most  abundant  on  the  fibrous  rootlets.  The 
large  roots  serve  as  braces  to  hold  the  tree  in  erect  position  and  keep 
it  from  being  swayed  and  overthrown  by  the  winds,  and  also  as  conduits 
through  which  the  water  and  nourishment  gathered  by  the  rootlets  are 
conveyed  to  the  stem  and  thence  to  the  branches  and  leaves.  The  large 
roots  are  of  no  use  in  securing  the  life  of  the  newly  planted  tree  or  pro- 
moting its  growth,  if  the  rootlets  are  broken  off  or  left  behind  when  the 
tree  is  taken  from  its  original  place. 

Hence  the  need  of  time  and  care  in  undertaking  this  removal.  The 
roots,  even  in  a  young  tree,  will  have  spread  to  a  considerable  distance 
from  the  stem  and  to  follow  them  and  detach  them  from  the  soil  adher- 
ing to  them  without  breaking  the  tender  threads  is  not  easy.  It  is 
necessarily  a  slow  though  a  simple  process,  and  we  are  apt  to  be  impatient 
and  wish  to  do  the  work  quickly.  But  the  old  proverb,  ^' Haste  makes 
waste,"  is  as  true  here  as  anywhere.  So  is  another  that  "What  is 
worth  doing  is  worth  doing  well."  To  plant  a  tree  properly,  so  that  it 
shall  go  on  to  grow  vigorously  and  as  though  nothing  had  happened  to 
impair  its  vitality,  instead  of  barely  making  a  feeble  show  of  life  for  a 
while  only  to  have  a  lingering  death,  is  to  give  the  pupils  of  a  school 
an  object  lesson  to  last  them  and  be  of  use  to  them  for  a  lifetime.  To 
make  the  lesson  the  more  obvious  and  impressive,  let  them,  under  the 
guidance  of  the  teacher  or  some  one  accustomed  to  handle  trees,  plant 
one  properly,  first  preparing  the  ground  where  it  is  to  have  its  new 
home,  by  excavating  a  sufficiently  large  hole  to  receive  all  the  roots  of 
the  tree  with  space  enough  beyond  to  allow  their  unimpeded  growth 
for  years  to  come,  carefully  reducing  the  earth  to  such  a  fine  condi- 
tion that  it  can  be  brought  into  close  contact  with  the  smallest  roots. 
Then,  having  selected  the  tree  beforehand,  let  it  be  so  taken  from  the 
ground  as  to  preserve  all  the  thread-like  roots  and  replaced  as  soon  as 
possible  in  the  ground  prepared  for  it,  the  roots  being  carefully  spread  out 
and  the  fine,  soft  soil  everywhere  brought  into  close  contact  with  them. 

Now,  to  make  more  clear  the  advantage  of  such  a  planting,  it  may  be 
well  to  plant  another  tree  in  the  way  that  trees  are  so  commonly  planted. 
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Let  some  ordinary  workman  be  sent  to  bring-  a  tree  from  the  woods. 
He  will  probably,  with  three  or  four  thrusts  of  his  sharp  spade,  sever 
the  main  roots  of  the  tree  at  about  the  distance  of  a  foot  from  the  stem 
and  then  wrench  the  tree  from  the  ground,  rudely  breaking  ofif  what 
roots  have  not  been  cut  already,  and  will  bear  off  the  tree  with  a  tri- 
umphant feeling  that  he  was  stronger  than  its  "plaguey  roots."  Then 
he  will  make  a  hole  in  the  ground  just  large  enough  to  permit  him  to 
crowd  the  lacerated  roots  into  it,  with  much  twisting  and  turning,  and 
then,  heaping  upon  them  the  hard,  lumpy  ground,  he  will  stamp  it  upon 
the  roots  and  consider  the  tree  planted,  as  he  will  say,  perhaps,  "m  less 
than  no  time."  It  would  have  been  better,  probably,  if  he  had  not  spent 
even  so  much  time  as  he  has  upon  it,  as  the  school  children  will  be 
likely  to  see  to  their  satisfaction  before  the  summer  is  over;  but  they 
may  also  learn  a  lesson  in  tree  planting  worth  the  cost  of  the  life  of 
one  tree.  It  has  been  stated  recently,  on  good  authority,  as  an  illus- 
tration of  improper  planting,  that  of  some  hundred  trees  planted  a  few 
years  ago  on  the  streets  near  Morningside  Park,  New  York,  every  one 
has  died  or  been  removed  because  of  its  diseased  or  dilapidated  con- 
tion,  and  replaced  by  another. 

Prof.  J.  T.  Eothrock,  forest  commissioner  of  Pennsylvania,  in  reply 
to  a  request  for  some  suggestions  in  regard  to  the  most  profitable 
observance  of  Arbor  Day,  sends  the  following,  bearing  on  this  subject, 
which  is  most  timely: 

In  my  judgment,  one  of  the  most  important  factors  in  Arbor  Day  celebration  is 
space.  We  have  bad  but  few  Arbor  Daj'^  celebrations  as  yet  in  this  State;  yet.  as  I 
go  over  the  Commonwealth,  I  find  that  already  the  question  presses,  Where  to  plant 
next  year's  trees  in  many  of  our  contracted  school  grounds?  The  fact  is,  we  have 
nowhere  in  this  country  recognized  as  we  should  how  important  it  is  to  have  large 
areas  attached  to  our  schools.  There  should  be  room  for  all  legitimate  plaj^s;  ample 
space  for  a  typical,  well-grown,  specimen  of  each  species  of  native  tree.  Tlien,  there 
should  be  a  nursery  where  each  child  could  plant  seeds  and  nuts  of  our  trees  and  watch 
them  sprout  and  push  out  of  the  ground  and  see  by  what  steps  they  became  trees. 

Furthermore,  this  school  lot  should  not  be  the  refuse  land  of  a  school  district.  It 
should  be  well  situated,  have  abundant  water,  and  as  much  variety  of  soil  and 
exposure  as  possible.  It  is  clear,  if  these  suggestions  have  any  value,  that  5  acres  is 
the  least  space  that  any  country  schoolhouse  should  have. 

It  is  time  for  us  to  recognize  the  fact  that  ground  dedicated  to  educational  pur- 
poses should  be  as  sacred  as  if  set  apart  for  a  church.  We  should  look  down  the 
coming  centuries  in  forming  our  plans  for  it,  and  anticipate  and  prepare  for  a  time 
when  mature  oaks  will  transmit  the  love  and  traditions  of  the  place  from  one  gener- 
ation to  the  next.  The  school  located  in  such  surroundings  would  soon  come  to  be 
recognized  as  a  valuable  possession.  It  would  be  the  one  cheerful  spot  in  which  the 
whole  community  had  an  ownership,  the  place  of  deposit  of  the  public  library,  and 
the  x)lace  where  the  public  meetings  would  be  held. 

This  may  all  seem  Utopian.  But  it  is  coming.  The  very  hardest  lesson  for  us  all 
to  learn  is  that  the  world  moves  faster  than  we  do.  More  than  this,  it  moves  in 
spite  of  us,  and  the  next  century  will  probably  not  be  very  old  before  it  has  moved 
into  a  higher  appreciation  of  the  value  of  large  and  well-kept  school  grounds.  Our 
successors  will  feel  that  space  which  is  too  small,  and  land  that  is  too  poor  to 
attempt  to  raise  a  crop  of  grain  upon,  is  also  wholly  inadequate  to  the  larger  work 
of  raising  a  crop  of  vigorous,  liberal-minded,  law-abiding  citizens  upon. 
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PLANTING  ON  LAWNS  AND  IN  PARKS. 

After  what  has  been  said  of  planting  on  streets  and  school  grounds 
little  needs  to  be  added  in  regard  to  tree  planting  on  larger  spaces, 
such  as  lawns,  parks,  and  other  open  places.  The  same  trees  may  be 
used  in  general,  but  no  such  restrictions  being  necessitated  as  in  the 
case  of  street  planting,  the  selection  may  be  made  from  a  greater  num- 
ber of  trees.  For  example,  trees  whose  beauty  depends  upon  their 
branches  starting  near  the  ground,  so  that  the  tree  will  be  a  solid  mass- 
of  verdure  resting  upon  the  earth's  surface,  are  not  appropriate  for 
street  planting,  where  the  branches  must  all  be  so  high  from  the  ground 


An  old  Maine  homestead. 


as  to  admit  of  unimpeded  passage  under  them.  Many  other  trees  also 
would  be  misplaced  u])on  a  strei't  border  which  are  well  adapted  for 
use  on  a  lawn  or  other  open  space. 

No  such  uniformity  in  size  or  habit  of  growth  is  necessary  in  the  case 
of  lawn  or  i)ark  i)lantations,  as  in  roadside  i)lanting.  Landv^cape  effects 
are  here  to  be  sought,  and  in  securing  them  there  is  no  limit  hardly  in  the 
choice  of  trees,  except  in  their  adaptation  to  the  soil  and  climate  of  the 
])la('eto  be  planted.  ITere,  as  in  all  cases  of  i)l{inting,  the  first  choice 
of  trees  siiould  be  made  from  those  which  are  indigenous  to  tiie  locality. 
This  being  done,  others  may  be  brought  from  a  distance  for  the  sake 
of  increasing  variety,  or  on  account  of  their  special  merits,  care  being 
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taken  to  procure  them  from  localities  corresponding  as  nearly  as  may  be 
in  climatic  and  soil  conditions  to  the  region  where  it  is  proposed  to 
plant  them. 

AIDS  TO  SUCCESS  IN  PLANTING. 

It  will  conduce  much  to  success  in  planting  if  trees  are  procured  from 
nurseries  rather  than  from  the  woodlands  or  other  uncultivated  places. 
In  the  nursery  grounds  the  soil  is  in  a  light  and  soft  condition,  and  the 
trees  as  they  grow  are  frequently  transplanted.  This  occasions  a  dense 
root  growth  close  to  the  stem,  and  it  enables  the  tree  to  be  taken  from 
the  ground  with  comparatively  little  danger  of  breaking  the  roots,  and 
the  replanting  is  also  accomplished  with  the  greater  facility. 

Another  aid  to  success,  that  is,  to  secure  a  healthy  and  vigorous 
growth  of  trees,  will  be  found  in  giving  them  an  ample  bed  of  deeply 
trenched  and  well-broken  soil  when  the  i)lanting  takes  place;  and  if 
the  soil  is  poor  or  of  too  hard  and  compact  a  character,  by  removing 
it  and  putting  in  its  place  a  liberal  supply  of  soil  of  better  structure 
and  abounding  in  plant  food.  The  present  labor  and  expense  involved 
in  doing  this  will  be  amply  compensated  by  the  appearance  of  the 
trees  in  the  subsequent  years  of  their  growth.  The  chief  dependence 
of  trees  for  the  promotion  of  their  growth  is  a  sufficient  supjdy  of 
water,  out  of  the  constituents  of  which  their  bodies  are  largely  built 
up,  and  which  is  the  vehicle  by  means  uf  which  the  mineral  food  in  the 
soil  is  conveyed  to  all  parts  of  their  structure. 

It  is  more  important,  therefore,  that  the  soil  should  be  of  proper 
physical  structure  than  that  it  should  abound  in  desirable  mineral 
ingredients.  If  the  soil  is  hard  or  clayey,  so  that  water  can  not  pene- 
trate it  readily,  or  if  it  is  coarse-grained  and  very  porous,  so  that  water 
falling  upon  it  sinks  rapidly  to  the  depths  below,  the  roots  of  trees  will 
fail  to  obtain  sucli  a  supply  of  moisture  as  is  needful  for  a  vigorous 
growth.  They  will  have  but  a  feeble  vitality.  Hence  the  need  of 
having  a  soil  which  is  of  such  texture  as  readily  to  admit  the  rains 
which  tall  upon  it  and  yet  such  as  to  prevent  the  water  from  rapidly 
passing  out  of  reach  of  the  roots.  In  proportion  as  the  soil  is  fine  it 
presents  a  larger  surface  of  moisture  to  the  minute  roots  of  plants. 

It  will  conduce  to  the  proper  supply  of  moisture  also  if  the  ground 
above  the  tree  roots,  especially  at  the  first  planting,  is  covered  with  a 
mulch  of  straw  or  litter  of  some  sort  which,  by  shielding  it  from  sun 
and  wind,  will  prevent  the  evaporation  of  moisture  from  the  soil  and  to 
rliat  extent  increase  the  amount  at  the  disposal  of  the  trees.  Few 
understand  how  much  water  is  removed  from  the  ground  by  the  influ- 
ence of  the  sun  and  winds,  especially  the  latter.  One  of  the  chief  diffi- 
culties in  the  way  of  securing  a  desirable  tree  growth  in  many  i)arts  of 
the  country,  i)articularly  on  the  Western  plains,  arises  from  the  prev- 
alence of  strong  and  often  hot  winds.  In  the  existing  forests  the  trees 
are  protected  from  the  effects  of  evaporation  by  the  canopy  of  shade 
afibrded  by  their  leafy  tops  and  by  the  mulch  of  fallen  leaves  accumu- 
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lated  year  by  year  at  their  base.  Where  there  are  not  reasons  forbid- 
ding it  we  can  do  nothing  better  to  promote  the  healthful  growth  of  the 
trees  we  plant  than  to  allow  the  annual  fall  of  leaves  to  remain  upon 
the  ground  above  the  roots  and  thus  form  a  perpetual  mulch  of  protec- 
tion for  the  trees. 

METHOD  OF  PLANTING. 

Little  is  necessary  to  be  added  to  what  has  been  said  in  different 
parts  of  this  pamphlet  as  to  the  proper  method  of  planting.  The  whole 
matter  may  be  summed  up  by  saying  that  a  tree  or  plant  should  be 
taken  from  the  ground  with  as  little  disturbance  or  impairment  of  its 
root  system  as  possible  and  set  in  its  new  place  of  growth  with  such 
care  as  not  to  harm  its  roots,  but  to  bring  them  all  into  close  contact 
with  the  soil,  by  pressing  it  firmly  around  and  upon  them,  thus  giving 
them  opportunity  at  every  point  to  absorb  from  the  particles  of  soil  the 
moisture  necessary  for  the  steady  and  healthful  growth  of  the  tree, 
and  leaving  no  vacant  spaces  to  promote  decay  or  lessen  the  supply 
of  moisture.  This  is  the  most  important  thing  to  be  secured.  Care 
should  be  taken  also  in  conveying  the  tree  from  the  place  from  which 
it  is  taken  to  the  place  of  planting  not  to  allow  tlie  roots  to  become  dry 
by  exposure  either  to  the  sun  or  the  wind.  Especially  should  it  be  so 
in  the  case  of  evergreen  trees,  which  have  a  resinous  sap.  If  this  sap 
becomes  hardened  by  exposure  to  sun  or  wind,  it  is  nearly  impossible 
to  restore  its  fluid  condition  so  that  it  will  perform  its  part  in  the  cir- 
culatory system,  and  the  tree  may  be  considered  dead  already. 


OPINIONS  OF  REPRESENTATIVE  MEN. 

The  State  of  Nebraska  having,  a  few  years 
ago,  made  its  Arbor  Day  to  coincide  with  Mr. 
Morton's  birthday,  the  editor  of  one  of  its  news- 
papers issued,  in  1888,  a  special  Arbor  Day  num- 
ber of  his  paper.  Prominent  among  the  features 
of  that  issue  was  a  collection  of  letters  received,  in 
response  to  the  editor's  invitation,  from  a  large  num- 
ber of  persons  distinguished  in  public  life  or  otherwise, 
expressing  their  appreciation  of  Arbor  Day  and  their 
regard  for  its  author.  It  seemed  that  the  sentiments  therein 
expressed,  which  so  justly  set  forth  the  merits  and  importance 
of  Arbor  Day,  ought  on  that  account  to  have  a  place  in  the 
present  publication.  Portions  of  a  few  of  the  many  letters  received  are 
therefore  inserted  here: 

1  willingly  confess  so  great  a  partiality  for  trees  as  tenipts  me  to  respect  a  man  in 
exact  proportion  to  his  respect  for  thorn.  He  can  not  be  wholly  bad  who  has  a 
sympathy  with  what  is  so  innocent  and  so  beautiful.  But  (luito  apart  from  any 
sentimental  consideration,  the  intluence  of  trees  upon  climate  and  rainfall  gives  to 
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the  planting  of  trees,  and  to  the  protection  of  them  where  nature  has  already 
planted  them,  a  national  importance.  Our  wicked  wastefulness  and  contempt  for 
the  teaching  of  science  in  this  matter  will  most  surely  be  avenged  on  our  descend- 
ants. Nature  may  not  instantly  rebuke,  but  she  never  forgives,  the  breach  of  her 
laws. 

I  am  glad,  therefore,  to  join  in  this  tribute  of  friendly  gratitude  to  the  inventor  of 
Arbor  Day.  I  think  that  no  man  does  anything  more  visibly  useful  to  posterity  than 
he  who  plants  a  tree.  I  should  answer  the  cynic's  question,  "  What  has  posterity 
done  for  me  that  I  should  do  anything  for  itf  "  by  saying  that  it  is  all  the  pleasanter 
to  do  something  for  those  who  can  do  nothing  for  us. 

Marco  Polo  relates  that  the  great  Kublai  Khan  planted  trees  the  more  willingly 
because  "  his  astrologers  and  diviners  told  bim  that  they  who  planted  trees  lived 
long."  Let  me  hope  that  this  may  prove  true  in  the  case  of  Mr.  Morton. — James 
Russell  Lowell. 

No  instructed  agriculturist  is  unacquainted  with  the  ameliorating  influence  on 
climate,  rainfall,  freshet,  windstorms,  etc.,  produced  by  the  liberal  planting  of  trees 
on  waste  lands.  The  cheering  thing  has  been  that  the  same  wise  ideas  have  crept 
into  tbe  minds  of  our  people  and  made  them  set  resolutely  to  work  in  carrying  out 
the  simple,  practical,  and  benignant  suggestion  of  Mr.  Morton. 

An  essay  might  be  written  on  this  topic  by  any  thoughtful  man  acquainted  with 
the  phenomena  of  meteorology,  and  if  Mr.  Morton's  plan  shall  be  persevered  in  by 
the  whole  country,  nature  herself  will  write  that  essay  in  beautiful  style  before  ft 
quarter  of  a  century  is  passed. — George  H.  Boker. 

The  best  and  highest  thing  a  man  can  do  in  a  day  is  to  sow  a  seed,  whether  it  be 
in  the  shape  of  a  word,  an  act,  or  an  acorn.  Last  year,  on  less  than  half  an  acre  of 
ground,  at  my  summer  home  by  the  seaside  at  Hull,  I  planted  227  individual  lives, 
of  creeper,  shrubs,  and  tree.  All  through  the  winter,  from  the  city,  my  mind  reached 
out,  as  it  were,  to  observe  and  care  for  the  young  things  in  their  strange  soil.  Last 
week  I  went  to  see  them,  and  Mr.  Morton  will  know  the  thrill  of  pleasure,  unlike 
all  other  pleasures,  which  came  from  the  signs  of  health  and  growth  in  the  plants. — 
John  Boyle  O'Reilly. 

It  is  not  very  long  since,  especially  in  the  Eastern  States,  when  the  enemy  of  the 
tree  was  considered  the  friend  of  the  human  race,  but  the  time  has  now  come  when 
the  friend  of  the  tree  is  the  friend  of  the  race. 

Mr.  Morton  deserves  the  gratitude  of  the  whole  land.  How  many  naked  spots  on 
this  vast  continent  will  be  clothed  in  verdure  by  reason  of  his  happy  suggestion ! 
The  birds  and  animals,  as  well  as  the  people,  profit  by  his  wise  forethought.  Every 
tree  planted  upon  this  day  will  serve  to  keep  green  his  memory. — John  Burroughs. 

If,  as  has  been  wisely  said,  he  is  a  public  benefactor  who  causes  two  blades  of 
grass  to  grow  where  only  one  grew  before,  we  well  may  honor  the  man  to  whom  his 
country  will  owe,  in  the  near  future,  so  many  beautiful  groves  and  orchards  and 
trees,  blessing  with  their  shade  its  village  streets. — J.  T.  Trowbridge. 

Most  of  the  States  have  sinking  funds  with  which  to  provide  for  debts  not  yet  due. 
It  would  be  a  simple  and  wise  policy  for  a  State  to  invest  a  considerable  sum  annu- 
ally from  its  sinking  fund  in  forest.  Individuals  hesitate  about  a  form  of  investment 
which  does  not  pay  for  many  years.  A  State  need  not  hesitate,  because  it  does  not 
need  the  money  for  many  years.  A  State  has  also  the  power  to  make  and  enforce 
the  laws  which  will  protect  its  forests. — Edward  Everett  Hale. 

The  practice  of  systematic  tree  planting  is  a  most  excellent  one,  and  those  who 
have  encouraged  and  promoted  it  deserve  well  of  their  country.  I  am  very  glad 
that  the  West  has  been  roused  to  a  sense  of  the  importance  of  planting  trees,  and 
hope  that  all  parts  of  the  country  will  soon  feel  the  necessity  of  preserving  them.^ 
Francis  Parkman. 
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The  material  benefits  of  Arbor  Day  alone  are  incalculable,  for  it  makes  the  barren 
land  fertile  and  the  desert  plain  green  with  beauty. 

But  these  material  benefits,  great  as  they  are,  are  small  compared  with  the  moral 
effect  on  the  mind  and  heart  of  the  people.  In  the  young,  especially,  it  enriches  the 
taste,  cultivates  the  love  of  beauty,  and  provides  pleasant,  healthful  impressions 
that  never  will  be  obliterated.  The  love  of  trees,  I  think,  has  a  more  elevating 
effect  than  even  the  love  of  flowers;  it  irfmore  strong  and  invigorating. 

Besides  all  these  immediate  benefits.  Arbor  Day  reaches  far  beyond  the  localities 
where  it  is  observed.  The  young,  gathered  in  certain  sections,  eventually  become 
scattered  and  have  homes  of  their  own.  The  influence  of  this  day  will  follow  them 
there,  and  under  the  influence  of  their  early  cherished  impressions  trees  will  be 
planted,  not  only  around  their  dwellings,  but  along  the  roads  and  water  courses  of 
the  place  in  which  they  live,  and  thus  cover  the  land  with  beauty  and  blessing. 

All  honor,  then,  to  the  founder  of  Arbor  Day.  The  sculptor's  art  could  not  erect 
so  noble  a  monument  to  his  memory  as  loving  hands  and  hearts  are  rearing  and  shall 
rear  to  it  all  over  this  barren  land. — J.  T.  Headley. 

All  lovers  of  nature  may  well  rejoice  in  the  establishment  of  Arbor  Day,  and  join 
in  doing  honor  to  the  founder  of  an  institution  so  beneficent. — Thomas  Wentworth 
Higginson. 

Whatever  makes  a  village  or  town  more  attractive  promotes  that  local  pride  and 
public  spirit  which  are  the  vital  and  conservative  forces  of  a  great  republic ;  and,  if 
the  planter  of  one  shade  tree  is  a  public  benefactor,  what  shall  we  say  of  him  who 
stimulates  the  planting  of  whole  groves  and  forests! — George  William  Curtis. 

The  observance  of  Arbor  Day  is  aiding  in  bringing  about  a  realization  of  the  needs 
of  our  forestry  interests,  and  will  ultimately  make  the  whole  country  equal  to  the 
occasion  of  a  methodical,  systematic  forestry  management. — B.  E.  Fernow. 

Many  people,  often  among  the  most  intelligent,  when  they  first  hear  of  Arbor  Day, 
look  upon  it  as  a  kind  of  sentimental  feast  quite  out  of  date  in  our  matter-of-fact 
generation,  but  upon  a  closer  inspection  they  soon  discover  its  practical  value. — 
H.  G.  Joly. 

Prior  to  1872  no  system  of  forestry  had  been  attempted  in  the  United  States. 
The  spasmodic  efforts  of  tree  planting  upon  a  small  scale,  with  very  rare  exceptions, 
"were  attended  with  the  most  unsatisfactory  results. 

Forests  were  cut  away  without  system  and  without  thought  of  future  condition  or 
wants  until  it  was  self-evident  that  unless  some  judicious  and  comprehensive  forest 
policy  was  adopted,  this  continent,  once  bristling  with  its  primeval  forests,  would 
be  permanently  deprived  of  an  element  which  constitutes  a  most  important  part 
in  the  economy  of  nature. 

Forestry,  no  less  than  science,  is  a  development  of  civilization.  Colbert  was 
instrumental  in  preventing  the  useless  waste  of  the  forests  of  the  old  world,  but  the 
honor  of  bequeathing  to  future  generations  an  invaluable  legacy  of  the  perpetuation 
of  forests  was  reserved  for  a  philanthropist  of  a  more  advanced  age. 

There  is  no  State  in  the  Union  but  needs  such  a  legacy,  and  when  that  which  is 
now  observed  in  twenty-eight  States  becomes  a  national  holiday,  then  will  each  citi- 
zen have  left  to  him  and  to  his  heirs  forever,  under  a  seal  greater  than  that  of  Caesar's, 
"private  arbors  and  new-planted  orchards." 

If  a  John  Howard,  ameliorating  the  evils  of  convict  life  and  alleviating  the  suffer- 
ings of  prisoners,  can  be  called  the  "  world's  philanthropist,"  surely  he  who  origi- 
nates measures  which  tend  directly  to  the  improvement  and  fertility  of  the  laud  and 
the  wealth  and  comfort  of  the  inhabitants,  adding  as  many  dollars  to  the  world's 
exchequer  as  the  mines  of  uncoined  ore  produce,  and  more  rays  to  the  brightness  of 
the  world's  civilization  than  the  electric  spark  has  generated,  is  not  least  among 
fellow  meo.— A.  J.  Sawyer. 
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No  man  now  living  Las  done  more  to  beautify  and  enrich  his  State  and  countrj 
than  he.  Millions  upon  millions  of  green  and  living  monuments  attest  his  fore- 
thought and  his  worth ;  and  as  these  trees  grow  and  expand  in  beauty,  so  will  the 
love  of  this  great  benefactor  increase  in  the  hearts  of  our  people. — John  B.  Peaslee. 

The  wisdom  and  pertinency  of  Jonathan  Swift's  saying  may  now  well  be  recalled: 
"And  he  gave  for  his  opinion  that  whoever  could  make  two  ears  of  corn  or  two 
blades  of  grass  to  grow  on  a  spot  of  ground  where  only  one  grew  before  would 
deserve  better  of  mankind,  and  do  more  essential  service  to  his  country  than  the 
whole  race  of  politicians  put  together." 

If  this  were  true  of  two  ears  of  corn  or  blades  of  grass,  how  much  more  of  a 
tree.— T.  F.  Bayard. 

Tribute  of  fruits  be  his,  and  glossy  wreaths 

From  roadside  trees,  and  his  the  people's  love, 
"When  east  and  west  the  wind  of  summer  breathes 

Through  orchard,  shaded  path,  and  sighing  grove. 

—[E.G.  Stedman. 


SUGGESTIONS  FOR  PROGRAMMES. 

It  is  not  necessary  to  give  even  a  specimen  pro- 
gramme for  the  observance  of  Arbor  Day.  If 
any  attention  to  the  subject  is  given  beforehand 
a  teacher  can  hardly  fail  to  arrange  a  scheme 
of  exercises  that  will  be  both  interesting  and 
profitable,  and  the  pupils  will  not  be  slow  to 
offer  suggestions  which  will  be  worthy  of  consid- 
eration, and  the  more  they  are  allowed  to  have 
a  voice  in  the  arrangements  the  more  interested  will  they  be  in  the  actual 
doings  of  the  day,  and  the  more  beneficial  also  will  these  be  to  them. 

The  exercises  will  naturally  begin  with  the  reading  of  the  proclama- 
tion of  the  governor  of  the  State  or  of  the  superintendent  of  public 
instruction,  by  which  the  day  is  fixed,  or  by  the  law  setting  apart  the 
day  for  special  uses.  Any  or  all  of  these  may  be  read.  They  will  give 
dignity  and  impressiveness  to  the  whole  service.  One  or  more  selec- 
tions from  the  Bible,  indicating  the  high  moral  and  religious  lessons 
which  the  trees  afford  and  the  conspicuous  place  which  they  have  in 
our  sacred  Scriptures,  may  fitly  follow. 

Other  particular  features  of  the  Arbor  Day  exercises  will  be  deter- 
mined by  the  character  of  the  school,  the  age  of  the  pupils,  the  studies 
they  are  commonly  engaged  with,  and  various  other  considerations. 

Teachers  will  bear  in  mind  that  the  observance  of  Arbor  Day  has 
behind  it  a  serious  purpose,  and  that  it  is  not  simply  an  occasion  for 
the  children  ^Ho  have  a  good  time."  It  looks  to  their  education  in  what 
is  highest  and  noblest,  to  bring  their  minds  into  contact  with  the  best 
thoughts  of  other  minds,  and  kindle  in  them  the  purest  and  best  feel- 
ings. It  aims  to  open  their  hearts  to  the  sweet  and  precious  lessons 
which  come  from  intercourse  with  nature,  to  make  them  unselfish,  con- 
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siderate  of  one  another  and  of  all  around  them,  and  to  prepare  them  to 
lead  noble  and  useful  lives. 

In  view  of  the  duties  of  citizenship  which  are  soon  to  devolve  upon 
them  care  should  be  taken  to  make  the  patriotic  feature  of  the  exer- 
cises for  Arbor  Day  prominent.  Trees  should  be  planted  in  memory 
of  men  who  have  nobly  served  their  country.  Patriotic  songs  should 
be  sung,  and  the  national  flag  should  be  displayed  in  the  schoolhouse 
and  on  the  march  to  plant  the  trees.  Selections  abounding  in  patriotic 
sentiments  should  also  be  read  or  recited.  We  have  given  a  few  speci- 
mens of  appropriate  character  from  various  authors  and  have  made 
reference  to  more,  but  the  pupils  should  be  encouraged  to  find  others 
still. 

The  endeavor  should  be  made  to  give  the  exercises  a  varied  char- 
acter, adapting  them  to  the  younger  pupils  not  less  than  to  the  older. 
On  this  account  songs  and  recitations  of  light  and  seemingly,  perhaps, 
of  somewhat  trivial  character  may  be  allowed  a  place  in  company  with 
those  of  higher  grade.  Let  the  youngest  pupils  become  interested  in 
Arbor  Day  as  soon  as  possible,  if  it  be  only  at  first  by  songs  of  birds 
and  flowers. 

The  programme  for  the  day's  observance  will  be  imperfect  if  it  does 
not  include  as  one  of  its  items  an  account  given  by  some  pupil  of  the 
object  of  Arbor  Day,  describing  its  origin  and  purpose,  and  the  ends 
which  are  sought  to  be  accomplished  by  it.  This  should  be  kept  in 
mind  by  distinct  reference  to  it  from  year  to  year. 

In  places  so  large  that  the  schools  can  not  well  be  combined  in  cele- 
brating Arbor  Day  it  will  conduce  to  the  greater  interest  and  resulting 
benefit  of  the  exercises  if  a  generous  rivalry  is  stimulated  between  the 
schools  in  the  endeavor  to  see  which  will  have  the  most  interesting  and 
pleasing  programme. 

Many  schools  have  been  accustomed  to  adopt  by  vote  some  tree  as 
their  emblematic  tree  or  badge.  This  naturally  causes  the  pupils  to 
give  special  attention  to  that  particular  tree  and  on  Arbor  Day  to 
make  it  the  subject  of  essays,  recitations,  and  songs,  thus  giving  it  the 
chief  place  in  the  exercises.  The  result  may  easily  be  made  to  be  such 
a  knowledge  of  that  particular  tree  as  will  be  pleasant  and  valuable  for 
a  lifetime.  The  choice  of  other  trees  in  the  same  way  from  year  to 
year  will  form  a  very  pleasing  method  of  learning  to  distinguish  the 
various  species  of  trees  from  each  other  and  to  know  their  habits  and 


It  is  desirable  that  an  address,  or  more  than  one,  by  some  thoughtful 
person,  invited  for  the  occasion,  should  form  a  feature  of  the  day's 
exercises.  But  the  pupils  should  be  expected  to  furnish  essays  for  the 
occasion  on  appropriate  subjects,  and  to  prepare  them  carefully.  There 
is  given  in  this  bulletin  a  considerable  list  of  such  subjects,  but  one  by 
no  means  exhaustive,  only  suggestive  of  the  many  which  readily  offer 
themselves  for  consideration. 
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Then  there  is  a  large  field  for  recitations  and  declamations  appropriate 
for  the  day.  A  considerable  number  of  such  may  be  gathered  from  the 
essays  in  the  earlier  i)art  of  this  publication,  but  our  literature  abounds 
with  them,  and  teachers  should  encourage  their  pupils  to  become 
lamiliar  with  them,  committing  many  of  them  to  memory,  thereby 
enriching  their  minds  with  gems  of  thought  to  be  their  delightful  pos- 
session for  life  and  a  constant  incentive  to  what  is  noblest,  purest,  and 
best. 

MISCELLANEOUS  READINGS. 

We  can  hardly  see  or  think  of  trees  without  being  reminded  of  Mr.  Lowell.  He 
was  eminently  a  lover  of  trees,  and  they  were  the  inspiration  of  some  of  his  best  prose 
and  poetry.  This  love  of  trees  led  him  to  call  his  pleasant  place  of  residence,  in 
Cambridge,  '*  Elm  wood."  And  no  memorial  of  him  would  be  more  accordant  with 
his  own  feelings  than  a  growing  tree.  This  is  abundantly  shown  by  the  following 
letter,  written  only  a  few  years  ago,  when  it  was  proposed  in  one  of  our  schools  to 
plant  on  Arbor  Day  a  tree  in  his  memory : 

"I  can  think  of  no  more  pleasant  way  of  being  remembered  than  by  the  planting 
of  a  tree.  Like  whatever  things  are  perennially  good,  it  will  be  growing  while  we 
are  sleeping,  and  will  survive  us  to  make  others  happier.  Birds  will  rest  in  it  and 
fly  thence  with  messages  of  good  cheer.  I  should  be  glad  to  think  that  any  word 
or  deed  of  mine  could  be  such  a  perennial  presence  of  beauty,  or  show  so  benign  a 
destiny," 

THE  OAK. 

"What  gnarled  stretch,  wkat  depth  of  shade  is  hisf 

There  needs  no  crown  to  mark  the  forest's  king; 
How  in  his  leaves  outshines  full  summer's  hlissl 

Sun,  storm,  rain,  dew,  to  him  their  tribute  bring, 
Which  he,  with  such  benignant  royalty 

Accepts,  as  overpayeth  what  is  lent; 
All  nature  seems  his  vassal  proud  to  be, 

And  cunning  only  for  his  ornament. 

How  towers  he,  too,  amid  the  billowed  snows, 

An  unquelled  exile  from  the  summer's  throne, 
Whose  plain,  uncinctured  front  more  kingly  shows, 

Now  that  the  obscuring  courtier  leaves  are  flown. 
His  boughs  make  music  of  the  winter  air. 

Jeweled  with  sleet,  like  some  cathedral  front 
"Where  clinging  snowflakes,  with  quaint  art,  repair 
I    The  dents  and  farrows  of  Time's  envious  brunt. 

How  doth  his  patient  strength  the  rude  March  wind 

Persuade  to  seem  glad  breaths  of  summer  breeze, 
And  win  the  soil  that  fain  would  be  unkind. 

To  swell  his  revenues  with  proud  increase! 
He  is  the  gem ;  and  all  the  landscape  wide 

(So  doth  his  grandeur  isolate  the  sense) 
Seems  but  the  setting,  worthless  all  beside, 

An  empty  socket,  were  he  fallen  thence. 

Bo,  from  oft  converse  with  life's  wintry  gales. 

Should  man  learn  how  to  clasp  with  tougher  roots 
The  inspiring  earth— how  otherwise  avails 

The  leaf-creating  sap  that  sunward  shoots! 
Bo  every  year  that  falls  with  noiseless  flake 

Should  fill  old  scars  up  on  the  stormward  side^ 
And  make  hoar  age  revered  for  age's  sake, 

Ifot  for  traditions  of  youth's  leftfy  pride. 


TO 
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So,  from  the  pinched  soil  of  a  churlish  fate, 

True  hearts  compel  the  sap  of  sturdier  growth, 
So  between  earth  and  heaven  stand  simply  great, 

That  these  shall  seem  but  their  attendants  both ; 
For  nature's  forces,  with  obedient  zeal 

"Wait  on  the  rooted  faith  and  oaken  will, 
As  quickly  the  pretender's  cheat  they  feel. 

And  turn  mad  Packs  to  flout  and  mock  him  still. 

Lord !  all  Thy  works  are  lessons — each  contains 

Some  emblem  of  man's  all-containing  soul ; 
Shall  he  make  fruitless  all  Thy  glorious  pains, 

Delving  within  Thy  grace  an  eyeless  mole? 
Make  mo  the  least  of  Thy  Dodona-grove, 

Cause  me  some  message  of  Thy  truth  to  bring. 
Speak  but  a  word  through  me,  nor  let  Thy  love 

Among  my  boughs  disdain  to  perch  and  sing. 


-[James  Rnssell  Lowell. 


Live  oak  tree,  Auduboji  Park,  New  Orleans,  antedating  the  aettlemcut  of  that  country, 


UNDER  THE  WILLOWS. 


This  willow  is  as  old  to  me  as  life; 

And  under  it  full  often  have  I  stretched, 

Feeling  the  warm  earth  like  a  thing  alive. 

And  gathering  virtue  in  at  every  pore 

Till  it  possessed  mo  wholly,  and  thought  ceased. 

Or  was  transfused  in  something  to  which  thought 

Is  coarse  and  dull  of  sense.    Myself  was  lost. 

Gone  from  mo  like  an  ache,  and  what  remained 

Became  a  part  of  the  universal  joy. 

My  soul  went  forth,  and,  mingling  with  the  tree. 

Danced  in  the  leaves;  or,  floating  in  the  cloud, 

Saw  its  white  double  in  the  stream  below. 


-[Lowell. 
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BENEATH  THE  SHADOW  OP  OAKS. 

I  thank  heaven  every  summer's  day  of  my  life  that  my  lot  was  humbly  cast  within 
the  hearing  of  romping  brooks,  and  beneath  the  shadow  of  oaks,  and  away  from  all 
the  tramp  and  bustle  of  the  worhl,  into  which  fortune  has  led  me  in  these  latter 
years  of  my  life.  I  delight  to  steal  away  for  days  and  for  weeks  together,  and  bathe 
my  spirit  in  the  freedom  of  the  old  woods,  and  to  grow  young  again  lying  upon  the 
brookside,  and  counting  the  white  clouds  that  sail  along  the  sky,  softly  and  tran- 
quilly, even  as  holy  memories  go  stealing  over  the  vault  of  life. — Donald  G.  Mitchell. 

QUALITY  BETTER  THAN  QUANTITY. 

Not  merely  growing  like  a  tree 

In  bulk  doth  make  man  better  be 

Or  standing  long  an  oak  three  hundred  years, 

To  fall  a  log  at  last,  dry,  bald  and  sear, 

A  lily  of  a  day  is  fairer  far  in  May. 

Although  it  fall  and  die  that  night, 

It  was  the  plant  and  flower  of  light; 

In  small  proportions  we  just  beauties  see 

And  in  short  measure  life  may  perfect  be. 

—[Ben  Jonson. 

THE  TASTE  FOR  TREES. 

There  is  something  noble,  simple,  and  pure  in  a  taste  for  trees.  It  argues,  I  think, 
a  sweet  and  generous  nature  to  have  this  strong  relish  for  beauties  of  vegetation,  and 
this  friendship  for  the  hardy  and  glorious  sons  of  the  forest.  There  is  a  grandeur 
of  thought  connected  with  this  part  of  rural  economy.  It  is  worthy  of  liberal  and 
freeborn  and  aspiring  men.    He  who  plants  an  oak  looks  forward  to  future  ages,  and 


plants  for  posterity.  Nothing  can  be  less  seltish  than  this.  He  cannot  expect  to  sit 
in  its  shade  nor  enjoy  its  shelter,  but  he  exults  in  the  idea  that  the  acorn  which  he 
has  buried  in  the  earth  shall  grow  up  into  a  lofty  pile  and  shall  keep  on  flourishing 
and  increasing  and  benefiting  mankind  long  after  he  shall  have  ceased  to  tread  his 
paternal  fields, — Washington  Irving. 

ACCORDANCE  OF  NATURE. 

For  Nature  beats  in  perfect  tune, 

And  rounds  with  rhyme  her  every  rune. 

Whether  she  work  in  land  or  sea, 

Or  hide  underground  her  alchemy. 

Thou  cans't  not  wave  thy  staff  in  air, 

Or  dip  thy  paddle  in  the  lake. 

But  it  carves  the  bow  of  beauty  there, 

And  the  ripples  in  rhymes  the  oar  forsake. 

The  wood  is  wiser  far  than  thou ; 

The  wood  and  wave  each  other  know. 

Not  unrelated,  unaffied, 

But  to  each  thought  and  thing  allied. 

Is  perfect  Nature's  every  part, 

Sooted  in  the  mighty  Heart. 

— [Emerson. 
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DOING  GOOD. 

When  we  plant  a  tree  we  are  doing  what  we  can  to  make  our  planet  a  more  whole. 
Bome  and  happier  dwelling  place  for  those  who  come  after  us,  if  not  for  ourselves. — 
O.  W.  Holmes. 

NOBILITY. 

True  worth  is  in  being,  not  teeming. 

In  doing  each  day  that  goes  by- 
Some  little  good— not  in  the  dreaming 

Of  great  things  to  do  by  and  by. 

—[Alice  Gary, 


THE  BANK  OP  CONTENTMENT. 

While  I  live,  I  trust  I  shall  have  my  trees,  my  peaceful  idyllic  landscape,  my  free 
country  life,  at  least  half  the  year;  and  while  I  possess  so  much,  *  »  *  I  shall  own 
100,000  shares  in  the  Bank  of  Contentment. — Bayard  Taylor. 


TREES  COMPOSITE  BEINGS. 

A  tree  is  a  composite  being ;  a  kind  of  community  by  itself.  The  leaves  and  limbs 
are  all  the  time  striving  with  each  other  to  see  which  shall  have  the  most  room  and 
the  most  sunshine.  Each  strives  for  all  he  can  get.  While  some  perish  in  the 
attempt,  or  meet  with  only  very  indifferent  success,  the  strongest  of  the  strongest 
buds  survive.  Each  leaf  helps  to  sustain  the  limb  which  carries  it,  and  each  limb 
furnishes  some  nourishment  to  the  common  trunk  for  the  common  welfare.  The  tax 
is  always  adjusted  according  to  the  ability  of  each  to  contribute.  As  the  limbs  of 
a  tree  are  constantly  striving  for  the  mastery,  so  each  bush  and  tree  in  grove  or  forest 
is  striving  with  others  for  the  mastery.  The  weakest  succumb  to  the  strongest; 
some  perish  early;  some  lead  a  feeble  existence  for  many  years,  while  even  the 
strongest  are  more  or  less  injured.  With  plenty  of  room,  the  trunk  will  be  short, 
the  branches  many  and  widespread;  where  crowded,  the  lower  limbs  perish  for  want 
of  light.  Dead  limbs  fall  to  the  ground  to  protect  and  enrich  it  for  nourishing  the 
surviving  limbs  and  the  trunk.  The  scars  heal  over,  more  limbs  perish  as  new  ones 
creep  upward,  and  thus  we  find  tall,  clean  trunks  in  a  dense  forest. — Anon. 


TEACHING. 

One  impulse  from  a  vernal  wood 

May  teach  you  more  of  man, 
Of  moral  evil  and  of  good, 

Than  all  the  sages  can. 

—[Wordsworth. 


OBSERVATION. 

It  is  better  to  know  the  habits  of  one  plant  than  the  names  of  a  thousand ;  and 
wiser  to  be  happily  familiar  with  those  that  grow  in  the  nearest  field  than  arduously 
cognizant  of  all  that  plume  the  isles  of  the  Pacific  or  illumine  the  Mountains  of  the 
Moon. — Kuskin. 
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LEAF-TONGUES  OF  THE  FOREST. 

The  leaf-tongues  of  tlie  forest,  the  flower- 
lips  of  the  sod, 

The  happy  birds  that  hymn  their  rapture  in 
the  ear  of  God, 

The  summer  wind  that  bringeth  music  over 
land  and  sea, 

Have  each  a  voice  that  singeth  this  sweet 
song  of  songs  to  me ; 

"This  world  is  full  of  beauty,  like  other 
worlds  above 

And  if  we  did  our  duty,  it  might  be  full  of 

love."  —[Gerald  Massey. 


LESSONS  OF  THE  TREES. 

I  shall  speak  of  trees  as  we  see  them,  love  them,  adore  them  in  the  fields  where 
they  are  alive,  holding  their  green  sunshades  over  our  heads,  talking  to  us  with 
their  hundred  thousand  whispering  tongues,  looking  down  on  us  with  that  sweet 
meekness  which  belongs  to  huge  but  limited  organism — which  one  sees  most  in  the 
patient  posture,  the  outstretched  arms,  and  the  heavy  drooping  robes  of  these  vast 
beings,  endowed  with  life,  but  not  with  soul — which  outgrow  us  and  outlive  us,  but 
stand  helpless,  poor  things,  while  nature  dresses  and  undresses  them. — Holmes. 

IMPORTANCE  OF  FORESTS. 

Keeping  up  a  fit  proportion  of  forests  to  arable  land  is  the  prime  condition  of 
human  health.  If  the  trees  go,  men  must  decay.  Whosoever  works  for  the  forests 
works  for  the  happiness  and  permanence  of  our  civilization.  A  tree  may  be  an 
obstruction,  but  it  is  never  useless.  Now  is  the  time  to  work  if  we  are  to  be  blessed 
and  not  cursed  by  the  people  of  the  twentieth  and  twenty-first  centuries.  The  nation 
that  neglects  its  forests  is  surely  destined  to  ruin. — Hon.  Elizur  Wright. 

NATURE'S  BOOK. 


And  Nature,  the  old  nurse,  toolc 

The  child  upon  her  knee. 
Saying :  "Here  i3  a  storybook 

Thy  Father  has  written  for  thee.** 

•Come,  wander  with  me,"  she  said, 

"Into  regions  yet  untrod; 
▲nd  read  what  is  still  unread 

In  the  manuscripts  of  God." 

And  he  wandered  away  and  away 
With  Nature,  the  dear  old  nurse, 

"Who  sang  to  him  night  and  day 
The  rhymes  of  the  universe. 

And  whenever  the  way  seemed  lon^, 

Or  his  heart  began  to  fail, 
Bhe  would  sing  a  more  wonderful  song, 

Or  tell  a  more  marvelous  tale. 


^..Longfellow— "  The  FifUeth  Birthday  of  Agassis.' 
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BEST  GIFTS. 

Gifts  that  grow  are  besti 

Hands  that  bless  are  blest; 

Plant:  Life  does  the  rest! 
Heaven  and  earth  help  him  who  plants  a  tree, 
And  his  work  its  own  reward  shall  be. 

— [Luoy  Laroom* 

SYMPATHY  WITH  TREES. 

I  care  not  how  men  trace  their  ancestry, 

To  ape  or  Adam ;  let  them  please  their  whimi 

But  I  in  June  am  midway  to  believe 

A  tree  among  my  far  progenitors, 

Such  sympathy  is  mine  with  all  the  race, 

Such  mutual  recognition  vaguely  sweet 

There  is  between  us. 

— [LowelL 

BRYANT,  THE  POET  OP  TREES. 

"  It  is  pleasant,"  as  Mr.  George  W.  Curtis  has  said,  "  to  remember,  on  Arbor  Day,  that 
Bryant,  our  oldest  American  poet  and  the  father  of  our  American  literature,  is  espe- 
cially the  poet  of  trees.  He  grew  up  among  the  solitary  hills  of  western  Massachu- 
setts, where  the  woods  were  his  nursery  and  the  trees  his  earliest  comrades.  The 
solemnity  of  the  forest  breathes  through  all  his  verse,  and  he  had  always,  even  in 
the  city,  a  grave,  rustic  air,  as  of  a  man  who  heard  the  babbling  brooks  and  to  whom 
the  trees  told  their  secrets.'' 

His  "Forest  Hymn  "  is  familiar  to  many,  but  it  can  not  be  too  familiar.  It  would 
be  well  if  teachers  would  encourage  their  pupils  to  commit  the  whole,  or  portions 
of  it  at  least,  to  memory.  Let  it  be  made  a  reading  lesson,  but,  in  making  it  such, 
let  pains  be  taken  to  point  out  its  felicities  of  expression,  its  beautiful  moral  tone 
and  lofty  sentiment,  and  its  wise  counsels  for  life  and  conduct.  Nothing  could  be 
more  appropriate,  especially  for  the  indoor  portion  of  the  Arbor  Day  exercises,  than 
to  have  this  poem,  or  portions  of  it,  read  by  some  pupil  in  full  sympathy  with  its 
spirit,  or  by  some  class  in  concert. 

EXTRACT  FROM  BRYANT'S  "FOREST  HYMN." 

Father,  Thy  hand 
Hath  reared  these  venerable  columns ;  Thou 
Didst  weave  this  verdant  roof.    Thou  didst  look  down 
Upon  the  naked  earth,  and  forthwith  rose 
All  these  fair  ranks  of  trees.    They,  in  Thy  sun, 
Budded,  and  shook  their  green  leaves  in  Thy  breeze, 
And  shot  toward  heaven.    The  century -living  crow 
Whose  birth  was  in  their  tops,  grew  old  and  died 
Among  their  branches,  till,  at  last,  they  stood, 
As  they  now  stand,  massy,  and  tall,  and  dark, 
Fit  shrine  for  humble  worshiper  to  hold 
Communion  with  his  Maker.    These  dim  vaults, 
These  winding  aisles,  of  human  pomp  or  pride 
Beport  not.    No  fantastic  carvings  show 
The  boast  of  our  vain  race  to  change  the  form 
Of  Thy  fair  works.    But  Thou  art  here— Thou  fiU'at 
The  solitude.    Thou  art  in  the  soft  winds 
That  run  along  the  summit  of  these  trees 
In  music;  Thou  art  in  the  cooler  breath 
That  from  the  inmost  darkness  of  the  place 
Comes,  scarcely  felt;  the  barky  trunks,  the  ground, 
Xh«  fTMh,  moist  ground,  are  all  instiiiot  with  Th—, 
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Here  is  continual  worship.    Nature,  here. 
In  the  tranquillity  that  Thou  doat  love, 
Enjoys  Thy  presence.    Noiselessly  around, 
Trom  perch  to  perch,  the  solitary  bird 
Passes ;  and  you  clear  spring,  that,  'midst  its  herbs, 
Wells  softly  forth,  and,  wandering,  steeps  the  roots 
Of  half  the  mighty  forest,  tells  no  tale 
Of  all  the  good  it  does.    Thou  hast  not  left 
Thyself  without  a  witness,  in  these  shades, 
Of  Thy  perfections.    Grandeur,  strength  and  graco 
Are  here  to  speak  of  Thee.    This  mighty  oak — 
By  whose  immovable  stem  I  stand  and  seem 
Almost  annihilated— not  a  prince 
In  all  that  proud  old  world  beyond  the  deep, 
E'er  wore  his  crown  as  loftily  as  he 
"Wears  the  green  coronal  of  leaves  with  which 
Thy  hand  has  graced  him.    Nestled  at  his  root 
Is  beauty  such  as  blooms  not  in  the  glare 
Of  the  broad  sun.    That  delicate  forest  flower, 
With  scented  breath  and  look  so  like  a  smile, 
Seems,  as  it  issues  from  the  shapeless  mold. 
An  emanation  of  the  indwelling  Life, 
A  visible  token  of  the  upholding  Love, 
That  are  the  soul  of  this  wide  universe. 
*  •  •  *  * 

Be  it  ours  to  meditate 
In  these  calm  shades.  Thy  milder  majesty. 
And  to  the  beautiful  order  of  Thy  works 
Learn  to  conform  the  order  of  our  lives. 

—[Bryant. 

BLESSING  FOR  THE  TREE  PLANTER. 

O  painter  of  the  fruits  and  flowers  ! 

We  thank  Thee  for  thy  wise  design 
Whereby  these  human  hands  of  ours 

In  nature's  garden  work  with  Thine. 
*  *  *  *  • 

Give  fools  their  gold  and  knaves  their  powerf 

Let  fortune's  bubbles  rise  and  fall; 
Who  sows  a  field  or  trains  a  flower, 

Or  plants  a  tree  is  more  than  all. 

For  he  who  blesses  most  is  blest; 

And  God  and  man  shall  own  his  worth 
Who  toils  to  leave  as  his  bequest 

An  added  beauty  to  the  earth. 

And,  soon  or  late,  to  all  who  sow, 

The  time  of  harvest  shall  be  given; 
The  flower  shall  bloom,  the  fruit  shall  groif. 

If  not  on  earth,  at  last  in  heaven. 

— [Whittier. 

GREAT  CRYPTOMERIA  AVENUE  OF  JAPAN. 

The  people  of  a  certain  locality  in  Japan,  it  is  said,  love  to  tell  this  story  of  what 
Is  perhaps  the  most  beautiful  road  in  the  Japanese  Empire.  When  the  great  general 
and  lawgiver  lyecsasu  died,  his  former  tributary  princes  vied  with  one  another  in 
rich  mortuary  gifts  to  perpetuate  his  memory.  One  daimio,  loving  and  loyal,  instead 
of  the  customary  gift  of  rare  bronze  or  wrought  stone  to  honor  his  dead  lord,  gave 
from  his  forest  land  thousands  of  cryptomeria  trees,  which  ho  wisely  knew  would 
be  an  ever-growing  delight  for  generations  in  a  densely  populated  region. 

These  young  trees,  which  were  then  but  18  inches  or  more  in  height,  he  planted 
at  eqaal  dlstancea  along  the  two  roada  leading  to  Nikko,  where  the  body  of  the 
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dead  prince  was  interred.  Two  hundred  years  have  passed,  and  the  trees,  so  small 
when  planted,  are  giants  now,  whose  branches  interlock  across  the  wide  road- 
way, presenting  to  the  traveler  in  either  direction  a  vista  of  green  as  far  as  the  eye 
can  reach.  Extending  for  30  miles  in  one  direction,  and  for  20  miles  in  another, 
these  rows  of  noble  trees  meet  7  miles  from  the  temple  where  lie  the  ashes  of  the 
honored  dead,  and  for  this  last  7  miles  a  doable  row  of  trees  is  found  on  each  side  of 
the  roadway.  In  describing  this  unique  and  very  beautiful  tribute  of  respect  and 
affection,  a  recent  traveler  says: 

"Many  who  visit  Nikko  may  forget  the  loveliness  of  the  mountain  scenery,  the 
waterfalls  and  rushing  streams,  the  carving  and  gilding  of  the  temples,  the  soft, 
low  tone  of  the  bells,  the  odor  of  incense,  and  the  chanting  of  priests,  but  few  will 
forget  their  20  miles'  ride  beneath  the  over-arching  branches  of  the  stately  trees. 
What  more  beautiful  memorial  could  be  suggested  than  this,  which  benefits  rich 
and  poor,  prince  and  coolie,  alike,  while  mere  bronze  lanterns  and  costly  but  dead 
memorial  stones  are  of  no  service  except  as  reminders  of  a  bygone  age?" 

These  trees  have  been  growing  for  two  centuries;  a  half  dozen  generations  have 
enjoyed  their  coolness,  their  beauty,  refreshing  to  tired  eyes  and  weary  limbs,  and 
they  will  be  the  delight  of  generations  to  come. — Prof.  J.  P.  McCaskey, 

AN  APRIL  DAY. 

When  the  warm  sun,  that  brings 
Seedtime  and  harvest,  has  returned  again, 
*Ti8  sweet  to  visit  the  still  wood,  where  springs 

The  first  flower  of  the  plain. 
***** 

From  the  earth's  loosened  mold 
The  sapling  draws  its  sustenance,  and  thrives; 
Though  stricken  to  the  heart  with  winter's  cold. 

The  drooping  tree  revives. 

The  softly  warbled  song 
Comes  from  the  pleasant  woods,  and  colored  wings 
Glance  quick  in  the  bright  sun,  that  moves  along 

The  forest  openings. 

***** 

Sweet  April !  many  a  thought 
Is  wedded  unto  thee,  as  hearts  are  wed; 
lifor  shall  they  fail,  till,  to  its  autumn  brought, 

Life's  golden  fruit  is  shed. 

—  [Longlellow. 

THE  WOODS  AND  THE  COURT. 
In  the  forest  of  Arden,  Shakespeare  makes  the  banished  duke  say  to  his  companionB ; 

"Now,  my  co -mates  and  brothers  in  exile, 
Hath  not  old  custom  made  this  life  more  sweet 
Than  that  of  painted  pomp  ?    Are  not  these  woods 
More  free  from  peril  than  the  envious  court f 
Here  feel  we  but  the  penalty  of  Adam, 
The  seasons'  difference;  as  the  icy  fang 
And  churlish  chiding  of  the  winter's  wind, 
"Which,  when  it  bites  and  blows  upon  my  body, 
Even  till  I  shrink  with  cold,  I  smile  and  say: 

•  This  is  no  flattery;  these  are  counsellors 

That  feelingly  persuade  me  what  I  am.' 
Sweet  are  the  uses  of  adversity;      *      *      • 

***** 
And  this  our  life,  exempt  from  public  haunt, 
Finds  tongues  in  trees,  books  in  the  running  brooks, 
Sormoiis  in  stones,  and  good  in  everything." 

—[▲•  You  Like  It,  sot  S,  sosnsL 
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THE  SPIRIT  OP  POETRY. 

There  is  a  quiet  Rpirit  in  these  woods, 
That  dwells  where'er  the  gentle  south  wind  blowai 
"Where  underneath  the  white-thorn,  in  the  glade, 
The  wild  flowers  bloom,  or,  kissing  the  soft  air^ 
Tlie  loaves  above  their  sunny  palms  outspread. 
"With  what  a  tender  and  impassioned  voice 
It  fills  the  nice  and  delicate  ear  of  thought, 
"When  the  fast-ushering  star  of  morning  comes 
O'erriding  the  gray  hills  with  golden  scarf; 
Or  when  the  cowled  and  dusky-sandaled  Eve, 
In  mourning  weeds,  from  out  the  western  gate, 
Departs  with  silent  pace !    That  spirit  moves 
In  the  green  valley,  where  the  silver  brook. 
From  its  full  laver,  pours  the  white  cascade  i 
And,  babbling  low  amid  the  tangled  woods. 

Slips  down  through  moss-grown  stones  with  endless  laughter. 

And  frequent,  on  the  everlasting  hills. 

Its  feet  go  forth,  when  it  doth  wrap  itself 

In  all  the  dark  embroidery  of  the  storm, 

And  shouta  the  stem,  strong  wind.    And  here,  amid 

The  silent  majesty  of  these  deep  woods. 

Its  presence  shall  uplift  thy  thoughts  from  earth. 

As  to  the  sunshine  and  the  pure,  bright  air. 

Their  tops  the  green  trees  lift.    *    *    * 

—[Longfellow, 


SELECTIONS  FOR  RECITATIONS. 

THE  PURPOSE  OP  ARBOR  DAY. 

To  avert  treelessness ;  to  improve  the  climatic  conditions ;  for  the  sanitation  and 
embellishment  of  home  environments ;  for  the  love  of  the  beautiful  and  useful  com- 
bined in  the  music  and  majesty  of  a  tree,  as  fancy  and  truth  unite  in  an  epic  poem, 
Arbor  Day  was  created.  It  has  grown  with  the  vigor  and  beneficence  of  a  grand 
truth  or  a  great  tree. — J.  Sterling  Morton. 

FOREST  HYMN. 

The  groves  were  God's  first  temples.    Ere  man  learned 

To  hew  the  shaft,  and  lay  the  architrave, 

And  spread  the  roof  above  them — ere  he  framed 

The  lofty  vault,  to  gather  and  roll  back 

The  sound  of  anthems ;  in  the  darkling  wood, 

Amidst  the  cool  and  silence,  he  knelt  down. 

And  offered  to  the  Mightiest  solemn  thank* 

And  supplication.    For  his  simple  heatt 

Might  not  resist  the  sacred  influences 

"Which,  from  the  stilly  twilight  of  the  place, 

And  from  the  gray  old  trunks  that  high  in  heaven 

Mingled  their  mossy  boughs,  and  from  the  sound 

Of  the  invisible  breath  that  swayed  at  once 

All  their  green  tops,  stole  over  him,  and  bowed 

His  spirit  with  the  thought  of  boundless  power 

And  inaccessible  majesty.    Ah,  why 

Should  we,  in  the  world's  riper  years,  neglect 

God's  ancient  sanctuaries,  and  adore 

Only  among  the  crowd,  and  under  roofs 

That  our  frail  hands  have  raised  ?    Let  me,  at  least, 

Here,  in  the  shadow  of  this  aged  wood, 

Offer  one  hymn— thrice  happy  if  It  find 

Acceptance  in  His  ear. 


-^BzyABk 
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LEAVES. 

The  leaves  of  the  herbage  at  our  feet  take  all  kinds  of  strange  shapes,  as  if  to  invite 
us  to  examine  them.  Star-shaped,  heart-shaped,  spear-shaped,  arrow-shaped,  fretted, 
fringed,  cleft,  furrowed,  serrated,  sinuated,  in  whorls,  in  tufts,  in  spires,  in  wreaths, 
endlessly  expressive,  deceptive,  fantastic,  never  the  same  from  footstalk  to  blossom, 
they  seem  perpetually  to  tempt  our  watchfulness  and  take  delight  in  outstripping 
our  wonder. — Ruskin. 

INFLUENCE  OF  NATURE. 

Therefore  am  I  gtill 
A  lover  of  th«  meadows  and  the  woods 
And  mountains,  and  of  all  that  we  behold 
From  this  green  earth;  of  all  the  mighty  world 
Of  eye  and  ear,  both  what  they  half  create 
And  what  perceive ;  well  pleased  to  recognize 
In  nature,  and  the  language  of  the  sense, 
The  anchor  of  my  purest  thoughts,  the  nurse, 
The  guide,  the  guardian  of  my  heart,  and  soul, 
Of  all  my  moral  being. 

— [Wordsworth. 


THE  FOREST  A  HERITAGE. 

I  regard  the  forest  as  an  heritage,  given  to  us  by  nature,  not  for  spoil  or  to  devas- 
tate, but  to  be  wisely  used,  reverently  honored,  and  carefully  maintained.  I  regard 
the  forest  as  a  gift  intrusted  to  us  only  for  transient  care  during  a  short  space  of 
time,  to  be  surrendered  to  posterity  again  as  unimpaired  property,  with  increased 
riches  and  augmented  blessings,  to  pass  as  a  sacred  patrimony  from  generation  to 
generation. — Baron  Ferdinand  von  Mueller. 

STEADFASTNESS. 

A  little  of  thy  steadfastness, 
Bounded  with  leafy  gracefulness, 

Old  oak,  give  me — 
That  the  world's  blasts  may  round  me  bloWf 
And  I  yield  gently  to  and  fro, 
"While  my  stout-hearted  trunk  below 

And  firm-set  roots  unshaken  be. 

— [LowolL 

THE  WASHINGTON  ELM. 

This  tree  still  stands  at  Cambridge,  Mass.  It  is  on  Garden  street,  a  short  distance 
from  the  colleges,  and  is  a  large,  well-preserved  tree.  An  iron  fence  is  built  around 
it,  and  on  a  stone  in  front  is  the  following  inscription:  "Under  this  tree  George 
Washington  took  command  of  the  American  Army,  July  3,  1775." 

Beneath  our  consecrated  elm 

A  century  ago  he  stood. 

Famed  vaguely  for  that  old  fight  in  the  wood 
"Whose  red  surge  sought,  but  could  not  overwhelm 
The  life  foredoomed  to  wield  our  rough- hewn  helms- 

***** 
Firmly  erect,  he  towered  above  them  all. 
The  incarnate  discipline  that  was  to  free 
"WiUn  iron  curb  that  armed  democracy. 

—(LoweU-"  Under  tbe  Old 
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WEALTH  IN  WOOD. 

The  true  basis  of  national  wealth  is  not  gold,  but  wood.  Forest  destruction  is 
the  sin  that  ha«  caused  us  to  lose  our  earthly  paradise.  War,  pestilence,  storms, 
fanaticism,  and  intemperance,  togetlier  with  all  other  mistakes  and  misfortuDes, 
have  not  caused  half  as  much  permanent  damage  as  that  fatal  crime  against  the 
fertility  of  our  Mother  Earth. — Felix  L.  Oswald. 

SUBJECTS  FOR  DECLAMATION 

Character  of  Washington Thomas  Jefferson 

Eulogium  on  Washington .Daniel  Webster 

Antiquity  of  Freedom Bryant 

Paul  Revere's  Ride Longfellow 

Story  of  Bunker  Hill  Battle O.  W.  Holmes 
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TOPEKA,  Kans.,  November  16,  1882. 
Hon.  George  B.  LoRiNa, 

Commissioner  of  Agriculture  : 

Sir:  The  terms  of  the  commission  issued  to  the  undersigned,  bearing 
date  July  25, 1882,  instruct  him  to  investigate  and  report  upon  the  "for- 
estry and  forestry  necessities  of  the  States  and  Territories  of  the  Mis- 
sissippi Valley  and  east  of  the  Rocky  Mountains."  In  the  limited  time 
allowed  for  the  preparation  of  this  preliminary  report  the  attempt  has 
been  made  to  ascertain  the  conditions  and  necessities  of  the  country 
west  of  the  Mississippi  and  east  of  the  Rocky  Mountains. 

In  the  i^reparation  of  this  report  the  writer  has  recognized  the  duty 
of  addressing  himself  not  to  special  classes,  as  scientists  or  professional 
arboriculturists,  but  to  "  all  whom  it  may  concern,"  to  the  end  that  every 
man  who  owns  his  "rood  of  ground"  may  become  interested  in  the  sub- 
ject of  tree-growing,  and  so  co-operate  in  carrying  out  the  purpose  for 
which  the  bureau  of  forestry  was  established. 

For  the  convenience  of  the  reader  the  subject-matter  herein  contained 
is  divided  under  three  heads: 

1.  The  natural  condition  of  the  region,  as  found  by  the  early  settlers, 
or,  "what  nature  did." 

2.  The  changes  that  have  been  wrought  by  the  i^rogress  of  settlement 
and  through  the  agency  of  individuals  and  the  national  and  State  gov- 
ernments, or,  "what  man  has  done." 

3.  The  question  of  the  future  development  of  forestry,  with  some  few 
practical  suggestions  as  to  the  duty  of  individuals,  corporations,  and 
the  State  and  national  governments,  or,  "  what  should  be  done." 

Respectfully  yours, 

F.  P.  BAKER. 
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PRELIMINARY  REPORT  ON  FORESTRY. 


NATURAL   CONDITIONS. 

The  vast  country  assigned  to  the  writer  for  investigation  is  bounded 
on  tlie  east  by  the  Mississippi,  on  the  west  by  the  winding  chain  of  the 
Eocky  Mountains,  and  exteiids  from  the  British  possessions  to  the  w^arm 
waters  of  the  Gulf.  It  embraces  the  States  of  Minnesota,  Iowa,  Mis- 
souri, Arkansas,  Louisiana,  Nebraska,  Kansas,  Texas,  and  a  portion  of 
Colorado,  and  portions  of  the  Territories  of  Dakota,  Montana,  Idaho, 
New  Mexico,  Arizona,  and  the  Indian  Territory.  Of  this  region  the 
States  of  Missouri,  Arkansas,  and  Louisiana  are  largely  covered  with 
native  forests,  and  Arkansas  in  particular  stands  in  need  of  facilities  for 
bringing  her  magnificent  lumber  to  market,  and  the  day,  it  is  hoped,  is 
not  far  distant  when  the  cypress  of  Arkansas  will  be  as  well  known  as 
the  pine  of  Michigan  and  Wisconsin.  Outside  of  these  three  States—- 
Missouri,  Arkansas,  and  Louisiana,  which  will  be  set  aside  for  the  pres- 
ent, to  be  spoken  of  hereafter — there  yet  remains  an  empire  to  which 
the  subject  of  forestry  is  at  present  a  vital  one.  The  Mississippi 
throughout  its  length  is  lined  by  forests  which  increase  in  width  as  the 
number  and  size  of  its  tributaries  increase  in  volume.  It  is  the  presence 
of  this  great  river  which  may  be  said  to  make  forest  States  of  the  three 
we  have  mentioned. 

In  Minnesota  the  belt  of  forest  is  comparatively  narrow;  in  Iowa 
somewhat  wider,  and  it  is  in  those  States  that  the  great  prairie  region 
begins  which  extends  to  the  foot-hills  of  the  Rocky  Mountains.  Going- 
west  from  the  Mississippi  the  Missouri  is  encountered,  lined  with  forests 
for  the  last  200  miles  in  its  course,  above  that  running  through  a  com- 
paratively deforested  region. 

At  the  Missouri  begins  the  ascent  to  the  Rocky  Mountains,  the  great 
field  for  the  future  exercise  of  all  that  man  has  learned  or  can  acquire 
of  the  science  of  forestry.  This  region,  as  the  elevation  increases,  be- 
comes more  bare,  and,  to  the  eye  accustomed  to  mountains  and  forests, 
desolate.  The  forest  keeps  up  a  gallant  struggle  along  the  streams 
which  flow  eastward  to  the  Mississippi  and  Missouri,  the  Platte,  the 
Kaw,  and  the  Arkansas,  but  finally  diminishes  to  a  thin,  winding  fringe 
of  Cottonwood  or  willows,  and  the  eye  for  hundreds  of  miles  sees  no 
more  till  the  pine-covered  slopes  of  the  Rocky  Mountains  appear  dimly 
in  the  horizon.  The  traveler,  coming  within  sight  of  the  mountains  and 
then  turning  southward,  comes  to  New  Mexico,  with  its  mountains, 
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oft  times  bare  to  their  very  summits,  and  at  other  times  covered  with 
pinon  and  pines;  its  wide  plains  watered  by  inconstaot,  treeless  streams 
and  occasional  ponds  or  lakes,  traversed  by  but  one  stream  of  magni- 
tude— the  red,  turbid  Eio  Grande,  its  banks  destitute  of  trees  or  verd* 
ure  save  where  the  patient  Mexican  has  dug  his  acequia  or  irrigating 
ditch.  Then  to  the  westward  lies  Arizona,  a  country  of  mountains, 
bearing  everywhere  the  traces  of  volcanic  action,  extinct  craters,  lava 
beds,  and  the  veritable  sandy  desert.  As  the  border  of  Mexico  is  ap- 
proached the  barrenness  increases.  Nothing  relieves  it  save  where  man 
has  overcome  it  by  irrigation.  The  Mexican  does  not  rely  on  trees  for 
his  wood,  but  digs  for  fuel  the  heavy,  branching  roots  of  the  mesquite. 
If  the  traveler,  when  within  sight  of  Pike's  Peak,  turns  northward  in- 
stead of  southward,  and  keeps  his  course  parallel  with  the  mountains, 
his  way  will  lead  him  over  the  high  plains,  better  watered  and  less  deso- 
late than  those  of  New  Mexico,  but  equally  destitute  of  trees.  Such  is 
a  general  view  of  the  country  under  discussion. 

When  the  first  settlement  of  this  region  began,  the  north  half  of 
Minnesota  was  covered  with  white  pine,  and  south  and  west  of  the  pine 
belt  was  a  large  body  of  hard  Avood,  consisting  of  white,  red,  and  burr 
oak  and  sugar  maple.  Of  the  total  forest  of  the  State  (pine  and  hard 
wood  mixed,  and  hard  wood),  it  is  safe  to  say  that  fully  one-half  has 
disappeared.  Of  the  total  area  of  hard  wood,  it  is  estimated  that  but 
4,000,000  acres  remain,  the  area  of  the  State  being,  in  round  numbers, 
54,000,000  acres. 

The  history  of  Iowa  is  that  of  the  prairie  States  generally.  The  set- 
tlers found  on  the  banks  of  the  Mississii)pi,  the  Des  Moines,  its  principal 
tributary,  and  other  streams,  a  considerable  amount  of  timber.  This  they 
proceeded  to  use  up,  after  the  manner  of  the  American  pioneer,  particu- 
larly when  he  encounters  timber  on  the  government  lands.  Nature 
has  since  been  repairing  damages,  but  native  timber  has  long  since 
ceased  to  be  a  matter  of  reliance.  In  1875  the  forest  area  of  Iowa 
was  estimated  at  2,300,000  acres,  the  area  of  the  State  being  35,000,000 
acres. 

Nebraska,  as  opened  for  settlement,  was  almost  entirely  destitute  of 
timber.  The  supply  was  confined  to  the  belt  along  the  shifting  banks 
of  the  Missouri,  largely  composed  of  willows  and  cottouwoods,  with  a 
hard  growth  in  the  bluff's  and  the  ravines  which  intersect  them.  At 
the  mouth  of  the  Platte  was  a  heavy  body  of  cottonwood,  and  along  the 
banks  of  that  stream,  where  it  was  entered  by  tributaries,  were  groves 
of  white  and  burr  oak  in  area  from  100  to  500  acres.  Within  the 
original  limits  of  the  Omaha  land  district,  containing  2,560,000  acres^ 
aiid  comprising  the  most  heavily  timbered  district  of  the  State,  the 
original  plats  showed  but  75,000  acres  of  timber. 

Kansas,  although  counted  among  the  "treeless''  States,  was,  in  the 
beginning,  blessed  with  more  forest  than  Nebraska.  Pike,  who  ex- 
plored the  country  in  1806,  speaks  of  the  region  now  comprising  the 
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east  third  of  the  State  as  a  good  country j  but  beyond  the  first  100 
miles  from  the  present  border  of  the  State  of  Missouri,  he  doubted  if 
the  country  could  be  settled  on  account  of  the  absence  of  wood.  Within 
twenty  years  a  fine  body  of  forest  extended  along  the  Kansas  River 
from  its  mouth  to  135  miles  west.  In  some  localities,  as  at  Topeka,  GO 
miles  west  of  the  mouth  of  the  river,  the  body  of  timber,  comprising  fine 
specimens  of  every  tree  known  to  the  latitude,  was  six  miles  wide. 
Colonel  Fauntleroy,  in  urging  in  1852  the  establishment  of  the  post 
since  known  as  Fort  Riley,  at  the  point  where  the  Republican  and 
Smoky  Hill  unite  to  form  the  Kansas  River,  mentions  the  locality  as 
desirable  on  account  of  the  existence  of  one  of  the  finest  bodies  of  tim- 
ber in  the  West.  The  banks  of  the  Neosho,  from  Council  Grove  to  the 
present  line  of  the  Indian  Territory,  were  heavily  timbered.  Large 
bodies  of  cottonwood  were  found  at  Lake  Sibley  and  other  i)oints  on 
the  Republican.  The  Marais  des  Cygnes,  and  in  fact  nearly  all  the 
streams  of  Eastern  Kansas,  were  well  timbered.  Even  in  the  extreme 
northwestern  portion,  of  the  State,  nearly  to  the  borders  of  the  plains  of 
Colorado,  fine  groves  existed  on  the  small  tributaries  of  the  Republican, 
one  of  them  being  early  named  the  Driftwood.  After  all  the  ravages 
of  twenty  years  the  amount  of  timber  in  the  State  is  estimated  at 
2,560,000  acres,  or  4.92  per  cent,  of  the  whole  area. 

Colorado  had,  at  the  time  of  the  discovery  of  its  mines,  25  years  ago, 
a  great  body  of  pine,  spruce,  fir,  and  other  trees  covering  its  mountain 
sides.  In  1870  it  was  estimated  one-third,  possibly  one-half,  of  the  trees 
in  the  settled  portions  of  the  Territory  had  been  destroyed  by  fire  and 
ceaseless  slashing.  Since  that  period  railroads  have  penetrated  the 
country,  and  have  added  to  the  destruction  by  consuming  millions 
of  ties.  The  original  forest  lands  of  Colorado  are  now  being  converted 
into  deserts. 

Wyoming  is  a  country  of  high  plains  and  lofty  mountains.  In  1873 
it  was  estimated  that  there  were  2,000,000  of  acres  of  timber  in  ^N^orth- 
western  Wyoming.  The  business  of  cutting  off  the  timber  for  railroad 
ties  has  been  going  on  for  many  years.  The  consumption  has  been  es- 
timated at  500,000  ties  per  annum.  Charcoal  burning  and  the  demand 
for  mining  purposes  have  also  diminished  the  native  timber.  The  ele- 
vation of  tlie  country  renders  it  liable  to  frost  every  month  in  the  year 
except  July,  which  enhances  the  difficulties  surrounding  artificial  for- 
estry. 

The  mountains  of  Montana  were  originally  covered  with  forests  of 
pine,  spruce,  fir,  cedar,  and  balsam.  These  forests  have  been  ravaged 
by  fire,  and  it  has  been  noticed  that  where  timber  is  once  destroyed  on 
these  mountains  it  is  not  followed  by  a  second  growth. 

Idaho  presents  great  contrasts  of  surface  and  vegetation.  The  finest 
body  of  red  cedar  on  the  continent  exists  in  this  Territory,  and,  on  the 
other  hand,  there  are  10,000,000  acres  of  sage-brush  lands,  which  are 
are,  however,  for  the  most  part,  susceptible  of  irrigation,  and  so  offer  a 
field  for  tree  cultivation. 
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Dakota  is  a  prairie  country,  and  resembling  in  its  general  characteris- 
tics tbe  adjoining  portions  of  i^ebraska  and  Minnesota. 

It  will  be  seen  that  the  region  west  of  the  Mississippi  and  east  of  the 
Eocky  Mountains  comprises  a  great  variety  of  soil  and  climate,  and 
really  the  region  should  be  divided  into  great  districts,  each  to  be  made 
the  subject  of  investigation  and  report.  In  such  a  division  one  district 
might  be  properly  made  of  Minnesota  and  Iowa  5  another  of  Eastern 
Dakota,  Nebraska,  and  Kansas  5  another  of  Wyoming,  Western  Dakota, 
Montana,  Idaho,  and  Colorado;  another  of  New  Mexico  and  Arizona; 
and  yet  another  of  Missouri,  Arkansas,  Louisiana,  Texas,  and  the  In- 
dian Territory.  In  some  sections  timber  grows  naturally  in  abundant 
supply;  in  others  the  need  is  planting  and  cultivation;  in  others  in 
addition  to  planting  and  cultivation,  irrigation  seems  a  necessity.  In 
other  districts  the  question  is  that  of  preservation. 

Every  portion  of  our  country  is  interesting  in  connection  with  the 
purposes  and  labors  of  the  bureau  of  forestry,  but  the  most  interest- 
ing field  of  research  and  labor  is  that  portion  of  the  continent  which  is 
embraced  within  the  limits  of  the  States  and  Territories  we  have  men- 
tioned, and  the  boundaries  of  which  were  defined  as  follows  by  Mr.  H. 
M.  Thomson,  of  Lake  Preston,  Dak.,  in  a  paper  read  before  tlie  Forestry 
Congress  at  Montreal  at  the  meeting  in  August,  1882 : 

The  Great  Plains  extend  from  the  southern  limit  of  the  Staked  Plains  in  Texas 
northwardly  about  20  degrees  of  latitude  to  the  Saskatchewan  River  and  Hudson's 
Bay,  and  from  an  irregular  east  line,  commencing  in  Texas,  running  through  the 
eastern  part  of  the  Indian  Territory,  Eastern  Kausas  and  Nebraska,  Western  Iowa, 
the  big  woods  of  Minnesota,  and  the  Red  River  of  the  North;  westwardly  of  this 
irregular  eastern  limit  an  average  distance  of  about  10  degrees  of  longitude  to  the 
foot-hills  of  the  Rocky  Mountains,  and  containing  an  area  of  about  950,000  square 
miles.  If  all  this  region  possessed  a  propitious  climate,  and  all  the  soil  were  suscep- 
tible of  cultivation,  the  area  is  sufficient  to  make  3,800,000  farms  of  160  acres  each, 
and  which,  by  the  aid  of  a  proper  forest  economy,  may  be  made  capable  of  supporting 
an  agricultural  and  pastoral  population  of  fifty  millions. 

WHAT  HAS  BEEN  DONE. 

The  first  great  step  toward  the  promotion  of  forestry  in  this  country 
was  what  may  be  called  a  change  of  sentiment  in  regard  to  tbe  value  of 
forest  trees,  a  change  which  has  taken  place  within  the  last  half  century. 
The  pioneers  on  the  continent  made  their  settlements  along  a  heavily- 
timbered  coast,  and  for  the  better  part  of  two  centuries  literally  hewed 
their  way  toward  the  interior  of  the  couutrj-  until  the  great  prairies 
were  reached.  Trees  were  not  only  cut  down  for  use,  but  were  slashed 
and  burned  and  girdled.  It  seemed  to  be  the  purpose  of  the  early 
American  settler  to  destroy  as  far  as  possible  the  native  forest.  The 
woodman's  ax  was  the  symbol  of  civilization,  and  the  State  seal  of  In- 
diana bears  the  figure  of  a  wood-chopper. 

The  setting  out  of  orchards  was,  of  course,  the  work  of  the  earliest 
l)ioneer8,  a  passion  for  fruit  trees  having  been  brought  from  England  ; 
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but  the  idea  that  a  forest  tree  was  of  any  value  except  to  be  used  up 
for  rails  or  posts  or  boards,  or  burned  to  ashes  for  pearlash,  is  of  com- 
paratively modern  origin.  Even  when  the  settler  reached  the  prairies 
of  Illinois,  where  timber  compared  with  the  older  States  was  very  scarce, 
he  does  not  appear  to  have  exercised  the  least  care  or  foresight.  If  he 
lived  near  the  bodies  of  forest  which  skirted  the  streams,  he  cut  them 
down  for  rails  or  cord  wood,  as  if  the  supply  was  inexhaustible,  and 
out  in  the  prairie  the  settler  contented  himself  with  hauling  green  wood 
a  long  distance  for  firing,  nor  dreamed  of  setting  out  groves  about  his 
house  which  should  supply  his  demand  for  fuel  at  less  trouble  and  ex- 
pense. 

Kindly  nature  strove  to  repair  damages,  and  in  many  instances  suc- 
cessfully. And  when,  in  time,  men  heeded  the  warning  and  became 
less  lavish  in  the  work  of  destruction,  the  woodland  began  to  gain  in 
area,  until  in  many  parts  of  Illinois  it  is  now  much  greater  than  when 
the  country  was  first  settled.  In  time  came  the  discovery  of  coal,  which 
lessened  the  consumption  of  wood  for  fuel ;  and  the  question  of  material 
for  fencing  becoming  serious,  hedges  and  other  substitutes  for  posts, 
plank,  and  rails  were  resorted  to.  Thus  by  degrees  the  subject  of  the 
value  of  forest,  and  so  the  possibilities  of  forest  culture,  became  im- 
pressed upon  the  people ;  in  short,  forestry  became  a  subject  of  popular 
interest. 

An  augmentation  of  this  interest  came  with  the  settlement  of  the 
country  west  of  the  Mississippi,  and  more  especially  west  of  the  Mis- 
souri. Here  were  immense  treeless  areas,  and  believed  by  the  first 
explorers  to  be  uninhabitable  on  account  of  the  absence  of  forest  for 
building,  fencing,  or  even  fuel;  it  was  known  that  travelers  and  hunters 
traversing  these  plains  used  buffalo  chii)S  for  fuel.  And  yet  here  were 
millions  of  acres  of  surpassing  fertility,  opened  to  settlement  hj  the 
13assage  of  the  homestead  act;  and  the  progress  of  settlement  stimu- 
lated by  the  extension  of  the  railroads.  It  will  be  seen  that  under  these 
conditions  the  forest  question  became  one  of  the  first  importance.  The 
rivers  and  the  railroads  solved  the  problem  of  building  by  bringing  pine 
from  the  forests  of  the  l^orth,  and  the  demand  for  fuel  was  met  in  part 
by  the  opening  of  mines  of  bituminous  coal,  which  seem  providentially 
to  exist  in  most  prairie  countries.  The  fence  question  was  met  in  Ne- 
braska and  Kansas  by  the  general  adoi)tion,  after  much  discussion,  of  the 
herd  law,  which  does  away  with  large  farm  inclosures.  In  the  settlement 
of  these  trans-Missouri  States  every  step  tended  to  reveal  the  transcend- 
ent value  of  forests.  The  lack  of  them,  though  supplied  as  we  have  said, 
was  felt,  and  as  soon  as  horticultural  and  agricultural  societies  were 
formed,  tree-planting  became  a  subject  of  eager,  active,  and  constant  dis- 
cussion, and  so  has  continued  to  be  ever  since.  It  is  safe  to  say  that 
there  has  scarcely  been  a  number  of  an  agricultural  or  horticultural  paper 
issued  in  the  States  of  Minnesota,  Iowa,  Nebraska,  or  Kansas,  in  which 
the  subject  of  tree-planting  has  not  been  discussed. 
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The  first  efforts  to  repair  the  deficiencies  of  nature  were  those  made 
by  individuals.  All  through  the  country  embraced  in  the  limits  of  this 
report  is  found  a  tree  of  quick  and  early  growth,  requiring  little  in  the 
way  of  sustenance,  living  a  long  time  on  water  alone,  planting  itself  in 
the  most  unexpected  places  and  sowed  by  the  busy  winds.  This  tree 
is  the  Cottonwood,  and  being  the  first  at  hand  it  was  everywhere  seized 
upon  by  the  settler  and  planted  by  thousands  about  the  homestead 
shanty,  along  the  boundaries  of  the  prairie  clajim,  and  in  the  little  public 
squares  and  along  the  streets  of  the  villages  which  spring  up  in  a  week 
or  a  month.  Although  time  and  trial  have  proved  that  the  cottonwood 
will  not  sustain  itself  on  the  high  prairie  unless  carefully  cared  for, 
dying  like  the  Indian  with  the  growth  of  civilization,  it  will  yet  be  held 
in  remembrance  in  this  western  country  as  the  first  of  trees,  and  its 
planting  as  the  beginning  of  forestry.  Many  a  settler  in  years  to  come 
will  recount  how  the  armful  of  little  cottonwoods,  which  he  pulled  with 
his  hands  on  the  sandy  bank  of  the  river  and  carried  to  his  claim,  fur- 
nished in  time  the  first  shelter  from  the  fierce  winds  and  the  burning 
sun. 

In  time  the  pioneer  tree  was  followed  by  others,  the  black  walnut,  the 
maples,  the  box  elder,  the  catalpa,  and  with  wonderful  success.  The 
denizen  of  the  town  in  Minnesota,  Iowa,  Kansas,  and  Nebraska  proved 
quite  as  enthusiastic  a  tree-planter  as  the  farmer  in  the  country,  and 
in  Kansas  the  newer  the  town,  as  a  rule,  the  more  zeal  has  been  dis- 
played in  the  matter  of  tree-planting.  Lawrence,  the  university  city 
of  Kansas,  after  twenty-five  years  is  a  town  full  of  verdure ;  but  the 
same  is  true  of  Wichita,  a  town  Avhich  seven  years  ago  stood  treeless 
on  the  bare,  sandy  bank  of  the  Arkansas. 

As  to  the  results  of  individual  effort,  without  encouragement  from 
the  State  or  from  societies,  a  small  portion  of  the  immense  amount  of 
evidence  which  might  be  furnished  is  herewith  submitted. 

The  latest  standard  authority  on  tree  culture  in  Kansas  is  the  "Sec- 
ond report  on  Forestry,  by  the  Kansas  State  Horticultural  Society .''  In 
this  pamphlet,  in  the  shape  of  county  reports,  is  briefly  summarized  the 
results  of  tree-planting  in  Kansas,  together  with  the  teachings  of  expe- 
rience in  regard  to  proper  varieties,  &c. 

The  counties  reporting,  through  careful  observers  and  practical  tree- 
growers,  are  Allen,  Atchison,  Barbour,  Barton,  Butler,  Chautauqua, 
Cherokee,  Crawford,  Cloud,  Cowley,  Davis,  Dickinson,  Edwards,  Ellis, 
Elk,  Harper,  Harvey,  Jackson,  Jefferson,  Jewell,  Johnson,  Kingman, 
Labette,  Leavenworth,  Lincoln,  Lyon,  Marshall,  Miami,  Mitchell,  Mac- 
pherson,  Montgomery,  Morris,  Pratt,  Ness,  Nemaha,  Neosho,  Ottawa, 
Pawnee,  Pottawatomie,  Reno,  Rice,  Rush,  Russell,  Saline,  Sedgwick, 
Sumner,  Wallace,  Washington,  and  Woodson.  A  ghince  at  the  map  of 
Kansas  will  show  that  these  counties  represent  every  variety  of  soil  and 
climate  within  the  limits  of  tlje  State,  and  from  the  earliest  settled  coun- 
ties, on  the  banks  of  the  Missouri,  to  the  newest,  far  out  on  the  high 
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plains,  and  from  the  Nebraska  line  to  the  Indian  Territory.  Tlie  higli- 
est  of  high  i)rairie  and  the  low  level  bottoms  of  the  Arkansas,  but  a 
few  feet  above  the  level  of  the  river,  alike  send  the  same  report,  "Tim- 
ber culture  seems  to  be  made  profitable  in  this  county." 

Taking  the  older  counties,  Leavenworth  reports : 

Timber  groves  were  planted  in  1860,  of  cottouwood  chiefly,  and  on  upland,  many 
of  wliicli  are  50  feet  bigb. 

And  taking  the  newer  counties.  Saline  reports  : 

The  age  of  the  oldest  successfully  grown  timber  lot  or  grove  in  the  county  is  not 
over  ten  years  old ;  was  planted  on  low  lands,  and  composed  of  cottonwood.  The 
average  diameter  of  these  trees  is  12  inches  and  the  height  50  feet. 

The  correspondent  from  Sumner  County  reports: 

Timber-growing  can  be  made  a  profitable  investment.  My  first  planting,  now  eight 
years  old,  affords  me  posts  and  poles  for  their  uses  on  the  farm  and  considerable  fuel. 
I  would  not  be  without  it  for  $50  an  acre. 

These  extracts  are  from  the  report  two  years  old  ;  as  to  later  evidence, 
Hon.  Martin  Allen,  of  Ellis  County,  an  old  resident  of  extreme  western 
Kansas,  writes: 

I  hav<?  niyself  been  cutting  and  using  timber  for  a  number  of  years  that  has  grown 
on  the  prairie  since  I  came  here,  and  many  others  within  my  knowledge  are  doing 
the  same.  Even  the  slow-growing  black  walnut  has  made  annual  additions  of  near 
an  inch  in  the  diameter  of  its  trunk. 

Hon.  H.  C.  St.  Clair  writes  from  Belle  Plain,  Sumner  County,  Kansas: 

In  this  county  there  are  thousands  of  acres  of  cultivated  timber.  Every  good 
farmer,  oue  that  has  now  come  to  stay,  has  from  one  to  ten,  and  some  twenty,  acres  in 
timber,  consisting  of  cottonwood,  walnut,  ash,  elm,  box  elder,  maple,  ailauthus,  and 
catalpa.  It  is  true  that  some  varieties  are  of  slow  growth,  and  a  beetle  destroys  the 
cottonwood  on  the  high  lauds;  but  where  timber  lots  are  cultivated  like  an  orchard, 
as  they  should  be,  timber-raising  is  a  success,  and  money  spent  by  the  government  to 
encourage  timber  culture  on  the  idains  is  well  spent. 

Theodore  Boggs  writes  from  McPherson  County,  in  Western  Kansas  : 

There  have  been  a  great  number  of  timber  filings  made  in  this  county,' and  while 
some  of  them  have  been  changed  to  homestead  or  pre-emption  en  tries,  there  are  a  great 
many  timber  claims  under  a  good  state  of  cultivation,  and  the  trees  in  most  instances 
are  healthy  and  doing  well.  I  have  trees  on  my  farm  uear  McPherson  planted  in  the 
spring  of  1873  that  are  as  large  at  the  butt  as  a  man's  thigh,  and  they  are  healthy  and 
show  no  signs  whatever  of  decay.  The  repeal  of  the  timber-culture  act  would  be  a 
very  bad  thing  for  the  plain  regions,  and  I  should  be  sorry  to  have  it  done.  There 
are  timber  claims  in  this  county  that  could  not  be  had  for  !^5,000,  and  inside  of  five 
years  they  cannot  be  had  for  $10,000.  There  is  no  question  about  the  success  of  tim- 
ber on  these  prairies  if  it  is  only  planted  and  cared  for. 

So  much  may  be  gathered  of  the  results  of  tree-planting  in  Kansas. 

Nebraska  in  the  matter  of  s}  stematic  forestry  is  far  in  advance  of 
Kansas.  Possessing  a  much  smaller  area  of  natural  timber  than  Kan- 
sas, the  efforts  of  the  people  to  cultivate  artificial  forests  have  been  more 
vigorous.  The  statement  is  made  by  J.  T.  Allen,  forester  of  the  Union 
Pacific  Railroad,  that  jS^ebraska  has  now  growing,  and  in  the  best  pos- 
sible condition,  forty-five  million  of  fore.<^t  trees,  and  this  planting  ex- 
tends 300  miles  west  of  the  Missouri  Eiver. 
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SUCCESS  OF  THE  MENNONITES. 

Under  our  homestead  system,  in  fact  under  the  general  system  by 
which  the  West  has  been  settled,  there  have  been  exhibited  few  of  the 
beneiats  of  co-operation.  Each  settler  is  independent.  He  is  supreme 
on  his  own  quarter-section,  giving  and  receiving  little  help  from  others. 
Were  this  different,  did  the  settlers  of  a  given  district  join  with  each 
other  in  developing  the  country,  did  they  combine,  for  instance,  in  the 
great  work  of  rendering  the  land  beautiful  and  profitable  with  trees, 
much  could  be  done.  How  much  is  shown  by  the  example  of  the  Men- 
•  nonites  in  Kansas!  These  people,  bound  together  by  a  community  of 
race  and  religion,  and  the  fact  that  they  were  all  alike  '^  pilgrims  and 
strangers"  in  this  country,  emigrated  from  Eussia  in  large  bodies  in 
1876  and  1877,  and  settled  for  the  most  part  in  the  counties  of  Harvey, 
McPherson,  Marion,  Butler,  and  Eeuo.  They  bought  land  in  severalty, 
yet  in  contiguous  tracts,  and  have,  without  being  allied  in  any  social- 
istic bond,  aided  each  other  in  their  labors.  Settling  in  an  open  prairie 
country  they  have  transformed  it.  Being  intelligent  tree-plauters  they 
have  surrounded  their  dwellings  with  fruit  and  forest  trees,  so  that  at  a 
little  distance  a  Mennonite  settlement  looks  like  a  grove.  They  early 
introduced  the  culture  of  the  Russian  mulberry,  which,  under  their  sys- 
tem of  careful  cutting,  furnishes  in  three  years  from  the  start  abundant 
fuel,  beside  fruit,  and  the  leaves  for  feeding  the  silk-worms.  The  same 
care  and  skill  everywhere  displayed  would  transform  the  great  plains 
and  change  the  climate  of  the  western  half  of  the  United  States. 

ARBOR  DAY. 

An  instance  of  the  value  of  united  action,  even  though  for  a  briei 
period,  is  seen  in  the  institution  of  "Arbor  Day."  The  credit  of  desig- 
nating a  certain  day  in  the  year  when  men,  women,  and  children  shall 
join  in  planting  trees  is  due  first  to  the  State  of  Nebraska.  It  was  later 
taken  up  by  the  State  Forestry  Association  of  Minnesota,  and  on  the  first 
Arbor  Day  in  that  State,  in  1876,  1,500,000  trees  were  planted.  Pre- 
miums were  offered  by  the  State  Forestry  Association  and  by  individ- 
uals until  every  farmer  in  Minnesota  seems  to  be  a  forester.  In  Iowa 
Arbor  Day  has  become  a  fixed  institution.  In  Kansas  the  day  was  first 
observed  by  the  citizens  of  Topeka,  who  turned  out  under  a  proclama- 
tion from  the  mayor  and  filled  the  capitol  grounds  with  trees,  which 
remain  to  this  day.  The  governors  of  Kansas  have  since  issued  their 
l)roclamations  for  the  observance  of  Arbor  Da;f,  which  has  been  observed, 
however,  principally  by  the  school  children  who  have  by  their  efforts 
greatly  beautified  many  school  grounds  in  the  State. 

ACTION  OF  RAILROAD  COMPANIES. 

We  have  spoken  heretofore  of  the  work  of  individuals.  The  work  of 
forestry  has  been  carried  on  to  some  extent  by  railroad  companies,  but 


FORESTRY    OF    THE    MISSISSIPPI    VALLEY.  13 

not  to  the  extent  desirable.  The  Atchison,  Topeka  and  Santa  F6  Eail- 
road  Company  in  Kansas  some  years  ago  employed  a  forester,  bnt  after- 
wards, probably  believing  that  the  experience  of  private  parties  had 
fully  demonstrated  the  fact  that  trees  icould  grow  to  the  extreme  west- 
ern limits  of  Kansas,  abandoned  the  exi)eriment.  The  following  state- 
ment is  instructive  in  this  connection :  Under  date  of  October  18,  1882, 
Mr.  C.  H.  Longstreth,  late  forester  of  the  Atchison,  Topeka  and  Santa 
F6  Railroad  Company,  speaking  of  the  efforts  of  that  corporation  to 
grow  trees  on  the  great  plains,  after  it  had  been  a  question  of  great 
doubt  whether  trees  could  be  grown  there  at  all,  states  that,  in  connec- 
tion with  S.  T.  Kelsey,  in  1873,  he  commenced  tree-planting  at  Hutchin- 
son, Kans.,  working  from  there  westward.    He  says: 

The  object  of  our  work  was  to  settle  this  question  and  learn  as  far  as  possible  what 
kinds  of  trees  were  best  adapted  to  this  part  of  the  State  for  forest  purposes.  We 
did  not  do  much  until  the  spring  of  1874,  when  we  did  considerable  in  the  way  of 
planting  seeds  and  cuttings,  most  of  which  grew  and  promised  well.  In  February, 
1875,  Mr.  Kelsey  left  the  work,  after  which  I  continued  the  planting  and  growing  of 
trees  until  1879,  when,  having  the  grounds  ail  filled  out  and  trees  in  such  shape  as  to 
require  but  little  care  thereafter,  the  railroad  company  concluded  best  to  discontinue 
the  work  and  not  plant  any  further. 

Since  1879  the  trees  have  had  no  work  expended  on  them  whatever.  Below,  I  give 
notes  of  growth  and  number  of  trees  now  growing,  which  I  took  a  few  days  since  : 

First  point,  Hutchinson,  is  180  miles  west  of  the  east  lino  of  the  State;  elevation, 
1,500  feet;  soil,  light,  sandy  loam.     Here  are  now  growing — 

No.  of  trees. 

Cottonwood,  30  to  50  feet  high 1,000 

Box-elder  (ash-leaved  maple),  15  to  20  feet  high 8, 000 

Black  walnut,  12  to  18  feet  high 2,500 

Green  ash,  15  to  20  feet  high 3,600 

Ailanthus,  18  to  24  feet  high 1,200 

Catalpa,  16  to  20  feet  high 2,000 

Elm,  15  to  18  feet  high 200 

Honey  locust,  15  to  25  feet  high 500 

Gray  willow,  30  to  40  feet  high 500 

Hackberry,  6  to  10  feet  high i 500 

Soft  maple,  12  to  20  feet  high 1,000 

Coffee  bean,  4  to  6  feet  high 3,000 

Ellin  wood,  the  next  point,  is  40  miles  farther  west;  elevation,  1,750  feet;  soil,  a 
black,  sandy  loam,  with  a  tenacious  subsoil.     Here  are  now  growing — 

Soft  maple,  16  to  20  feet  high 600 

Honey  locust,  15  to  20  feet  high 400 

Catalpa,  15  to  20  feet  high 1,800 

Box-elder  (ash-leaved  maple),  15  to  18  feet  high 500 

Ailanthus,  18  to  20  feet  high 300 

Osage  orange,  12  to  15  feet  high 2,000 

Cottonwood,  30  to  40  feet  high 2,000 

Green  ash,  12  to  15  feet  high 1,500 

Black  walnut,  12  to  18  feet  high 4,000 

Gray  willow,  25  to  30  feet  high 600 

Hackberry,  8  to  12  feet  high 400 

Elm,  15  to  18  feet  high 500 


14  FORESTRY    OF   THE    MISSISSIPPI    VALLEY. 

Garfield,  the  next  point,  is  43  miles  west  of  Ellinwood;  elevation,  2,100  feet ;  soil, 
light  loam.     The  following  trees  are  growing  here  : 

Cottonwood,  20  to  30  feet  high 4,000 

Box-elder,  12  to  15  feet  high 2,700 

Ailanthus,  15  to  18  feet  high 5,000 

Black  walnut,  12  to  15  feet  high 4,000 

Soft  maple,  12  to  15  feet  high 800 

Catalpa,  10  to  14  feet  high 500 

Honey  locust,  15  to  20  feet  high 400 

Green  ash,  8  to  12  feet  high 2,000 

Gray  willow,  20  to  25  feet  high 200 

The  above  is  a  brief  description  of  the  results  of  our  work  down  to.  the  present 
time.  All  of  these  trees  have  been  grown  from  seeds  and  cuttings.  The  conditions  have 
been  such  as  to  put  the  trees  to  severe  tests.  There  has  been  no  extra  work  done 
with  them.  They  have  been  simply  planted  and  cultivated  well.  It  has  been  stated 
that  we  irrigated  a  part  of  our  ground.  This  is  not  the  case.  Our  trees  never  received 
any  water  except  what  fell  from  the  clouds.  All  of  these  trees  at  the  i)resent  time 
show  a  promising  and  healthy  appearance,  with  all  prospects  of  making  a  rapid  and 
mature  growth  in  the  future.  This  work  has  demonstrated  beyond  any  question  of 
doubt  that  trees  will  grow  here  with  all  success  whenever  planted  intelligently  and 
cultivated  and  taken  care  of  as  they  should  be. 

It  will  be  seen  that  the  Atchison,  Topeka  and  Santa  Fe  Company  went 
no  further  than  experiment  to  demonstrate  that  the  growth  of  trees  was 
possible  in  the  region  traversed  by  its  line.  The  same  was  true  of  the 
Kansas  Pacific,  now  the  Kansas  Division  of  the  Union  Pacific.  Several 
experimental  gardens  or  nurseries  were  started  under  the  direction  of 
the  company,  but  abandoned  years  ago.  Settlers  in  the  same  counties 
where  these  experimental  groves  were  planted,  have,  on  hundreds  of 
timber  claims,  settled  the  point  at  issue. 

The  Burlington  and  Missouri  River  Railroad,  in  l^ebraska,  carried  on 
some  experiments  for  a  short  time,  in  the  way  of  planting  trees  along 
cuts  for  snow  fences. 

The  Missouri  River,  Fort  Scott  and  Gulf  Railroad  Company  has  en- 
tered upon  the  work  of  forestry  proper,  that  is,  the  raising  of  trees 
for  actual  use. 

R.  Douglas  &  Son,  of  Waukegan,  111.,  have  a  contract  with  this  rail- 
road, which  runs  from  Kansas  City  south,  in  Kansas,  near  the  line  of 
Missouri,  to  and  beyond  Fort  Scott,  Kans.,  to  plant  two  sections  of 
land  in  trees.  One  of  these  is  located  at  Farlington,  and  the  other  at 
Hunnewell,  near  by.  These  places  are  about  125  miles  south  of  Kansas 
City,  Mo.  Of  the  Farlington  plantation  Mr.  Douglas,  under  date  of 
October  24,  1882,  writes: 

Three  hundred  and  twenty  acres  are  planted,  and  we  are  now  planting  180  acres 
more.  That  will  be  finished  before  winter  sets  iu,  or  before  April  1,  1883.  The  plau- 
tation  consists  of  catalpa  (apecioaa),  with  the  exception  of  a  few  acres.  They  are 
all  planted  4  by  4  feet  apart,  containing  2,720  trees  to  the  acre.  The  land  is  pre- 
pared same  as  for  corn,  and  the  trees  are  xilanted  with  spades.  The  catalpa  trees 
planted  in  1878,  after  four  summers'  growth,  are  10  to  15  feet  high  and  2^  to  '^  inches 
in  diameter.  Three  years  planted,  5  to  9  feet ;  two  years  planted,  3^  to  G  feet  (a 
drought  last  year) ;  one  year  planted,  3  to  4  feet.     On  rich  laud  these  trees  shade  the 
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ground  after  two  years'  cultivation.     On  poorer  land  they  require  three  years'  cultiva- 
tion. 

On  the  Hunnewell  plantation,  3  miles  from  Farliugton,  we  have  already  planted 
175  acres  catalpa  {speciosa)  and  ailanthus,  and  60  acres  of  the  white  ash.  The  catalpa 
are  one  and  two  years  planted ;  wo  will  have  285  acres  on  the  above  i^lantation 
between  now  and  April  next,  all  catalpa  and  ailanthus,  making  560  acres  on  the  Hun- 
newell plantation.  Our  contract  requires  2,000  trees  to  the  acre  when  they  are  4  to  6 
feet  high.  Nearly  every  acre  on  both  x^lantations  will  contain  2,500  trees ;  every 
acre  will  contain  over  2,000  trees. 

Beside  the  Missouri  River,  Fort  Scott  and  Gulf,  the  only  other  rail- 
road company  reported  as  engaged  in  forestry  is  the  Saint  Louis,  Iron 
Mountain  and  Southern.    Mr.  Kerrigan,  superintendent,  writes: 

We  have  no  trees  planted  on  our  road  excepting  50,000  catalpa  trees  on  right  of 
way  near  Charleston,  Mo.  We  have  a  plantation  or  farm  of  catalpa  trees  (100,000 
trees)  on  Belmont  branch,  18  miles  from  Belmont,  Mo.  The  above  were  all  raised 
from  seed.  We  also  have  a  catalpa  farm  of  250,000  trees  at  Bertrand,  Mo.,  about 
20  miles  from  Bird's  Point,  on  the  Cairo  branch  of  this  road.  These  were  planted  in 
June,  1880,  from  slips.  Have  been  cultivated  twice,  and  are  now  in  fine,  thrifty  con- 
dition. Will  average  about  8  feet  high,  and  will  not  require  any  cultivation  after 
next  year. 

THE  TIMBER-CULTURE  ACT. 

The  general  government,  acting  through  Congress,  has  confined  its 
encouragement  of  forestry  mainly  to  the  passage  of  the  timber-culture 
act,  which  grew  out  of  the  homestead  law,  and  is  designed  to  be  supple- 
mentary to  it.  The  original  Congressional  timber-culture  act  became 
a  law  March  3, 1873.  It  was  amended  March  13,  1874,  and  was  on  the 
14th  of  June,  1878,  changed  to  the  shape  it  now  bears,  and  since  the 
date  of  its  last  amendment  most  of  the  entries  under  the  law  have  been 
made.  That  is,  the  law  has  been  in  practical,  extensive,  working  oper- 
ation but  four  years. 

As  showing  the  extent  of  operations  under  the  act,  the  following  table, 
furnished  by  Hon.  N.  C.  McFarland,  Commissioner  of  the  General  Land 
Office,  is  given : 

tatement  of  the  numher  and  area  of  entries  under  the  tiniber-culture  hiws  in  ihe  different 
States  and  Territories,  hy  fiscal  years,  from  the  beginning  of  operations  to  June  30,1882. 


1873. 

1874. 

states  and  Territories. 

No.  of 
entries. 

Acres. 

No.  of 
entries. 

Acres. 

2 
59 

17 
865 

196.  51 

California 

2 

329. 75 

8  878  06 

2.  272.  24 

^'>d   QQ7   9Q 

Dakota 

24 

1 

60 

95 

137 

3, 560. 66 
145. 90 

9,  642. 17 
14,710.15 
21,  858.  07 

Iowa 

33  ;            3,816.05 

1,954           282,479.07 

804           113, 131.  63 

2, 164           312,  712.  09 

22               2,  482.  22 

1  1                  80.  00 

Kansas    . . 

Minnesota 

Washington 

Wyoming ' 

Idaho 1 

2  1                180.  83 

Total 


319 


50,  246.  04 


5,923 


851,  225.  99 
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Statement  of  the  number  and  area  of  entries  under  the  timber-culture  laws,  ^c. — Continued. 


1875. 

1876. 

States  and  Territories. 

No.  of 

entries. 

Acres. 

No.  of 
entries. 

Acres. 

A.rizona              ............ ....................... 

2 

320.  00 

10 

3 

136 

45 

842 

99 

1,354 

1,070 

834 

7 

13 

3 

54 

1 

17 

1, 197. 15 

23L92 

f^nlifnrnift                                         ... ....... 

195 

27 

451 

92 

1,265 

499 

1,061 

29,  065.  53 
3,  453.  82 
61,  969. 75 
9, 127.  52 
168,  269.  06 
63,  673.  73 
130,  894.  26 

20, 524. 33 

Colorado          .     .... ...... ..................... 

6,  514.  22 

Dakota 

119,  835. 23 

Iowa                                         -.     ...................... 

8,  563. 42 

Slansas                ..... .......................... 

185,  596.  43 

140, 126. 30 

Nebraska                                       

106, 499. 74 

1, 128. 00 

7 

882.68 

1, 793. 18 

Utah                                                

399.  88 

\V asbiiif ton         .          .......  ....................... 

31 

1 
21 

3,  324. 14 

130.47 

2,  583.  25 

5,  374.  28 

160.  00 

Idaho 

1,  973. 89 

Total 

3,652 

473, 694. 21 

4,488 

559,  917. 97 

1877. 

1878. 

States  and  Territories. 

No.  of 
entries. 

Acres. 

No.  of 
entries. 

Acres. 

Arizona           .   ...................................... 

21 

75 

28 

476 

59 

1,666 

561 

3 

706 

2 

2, 440. 00 
10,  586.  05 

3,  343.  33 
68,  266.  92 

4,  791.  56 
238,  020.  44 

76,  021.  53 
398.  59 

90,  812.  90 
240.  00 

11 

60 

125 

3,769 

89 

4,031 

2,693 

9 

1,408 

5 

2 

130 

9 

562 

158 

1,  600.  00 

California 

8,  029. 42 

Colorado                                                ..          .....  ..... 

17,  436. 73 

Dakota       .        .          

579,  804.  04 

7,  535. 47 

ICansas                                                            .          -  -  - 

593,  295, 17 

^£inn6Sota            .                .       .....   .. .... ..... 

377,  017.  78 

960.00 

195,306.68 

Nevada                                                           ............. 

600.00 

320. 00 

148 
52 

2, 509. 37 

338.  50 

19,  746.  75 

7,  035.  91 

18,446.31 

Utah  ::""::"::"::::'.'.". 

1,  280. 00 

Wa.shinffton                          .. .............. ..... 

78,  237.  00 

Idaho 

22, 169.  53 

Total       .                  

3,819 

524,  551.  85 

13, 061 

1,  902,  038. 03 

1879. 

1880. 

States  and  Territories. 

No.  of 
entries. 

Acres. 

No.  of 
entries. 

Acres. 

.A.rizona                               ••  .  •••  •-  ................ 

21 

112 

121 

4,675 

73 

7,776 

1 

1.847 

27 

3,183 

14 

130 

9 

562 

3, 280. 00 

14, 458.  81 

16, 142.  03 

728,  687.  83 

6,  577.  67 

1, 167,  582.  77 

80.43 

257,  642.  50 

3, 134.  20 

465,  968.  94 

160.  00 

1,  891.  93 

18,  446.  21 

1,  280.  00 

78,  237.  00 

6 

99 

214 

5,575 

57 

2,891 

1 

909 

61 

3,202 

5 

24 

482 

35 

893 

9 

181 

719.  «5 

California             

12, 120.  31 

30,  302. 14 

Dakota 

868,  748.  39 

Iowa                  .     ..     ................................ 

4,  714.  05 

408, 261. 74 

40.00 

Minnesota                     .     ........................ 

123. 735.  30 

6,  835.  32 

Nfihrajilra                                     ..           ..           .. ........ 

475,  275.  87 

Nevada                    .  

560.00 

2.887.95 

Orecon                                     ...................'....... 

73, 061. 66 

Utah                           

4,044.05 

134,  637.  65 

240. 00 

162 
18i629~ 

22,  013.  93 

23,  300.  04 

Total                          

2, 775,  502.  66 

14,644 

2, 169, 484. 18 
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Statement  of  the  number  and  areas  of  entries  under  the  timber-culture  laws,  ^c. — Continued. 


1881. 


1882. 


States  aiifl  Territories. 


Arizona 

(  alifoniia 

Colorado 

Dakota 

Iowa      

Kansas 

Louisiana 

Minnesota 

Montana 

Xnhraska  

Xfvada 

New  Mexico   

Oregon 

Utah      

Waahinston 

Wisconsin 

Wyoniinji 

Idaho.... 

Total 11.554 


No.  of 
entries. 

"   Acres. 

No.  of 
entriea. 

Acres., 

6 

760.  00 

9 

1, 352. 77 

201 

24,  538.  28 

306 

39,  882.  99 

195 

26,  473.  31 

329 

47,  436.  05 

5,133 

868,  400.  36 

9,368 

1,  466,  532.  34 

55 

3,  644.  25 

82 

6,  235.  62 

1,924 

268,  575.  09 

1,933 

273,  053.  55 

19 

2,  293.  40 

7 

1  004.02 

1,168 

167,  582. 16 

1,220 

176,  74!.  42 

131 

16,  535.  20 

266 

35,  409.  94 

1,682 

240,  306.  94 

2,086 

298,  520. 11 

7 

1,  040.  00 

10 

1,  520.  00 

16 

2,  039.  26 

24 

3,  351.  99 

212 

31, 176.  40 

590 

88,  038.  77 

35 

3,  921.  52 

32 

3,  831.  71 

540 

77,  008.  62 

603 

87,  524.  76 

1 

40.00 

5 

784.  30 

20 

2,  284.  44 

224 

28,  680.  26 

272 

33,  965.  61 

1,  763,  799.  35         17, 157       2,  566, 


By  this  table  it  will  be  seen  that,  since  the  passage  of  the  original  act 
in  1873,  93,246  filings,  covering  13,637,146  acres,  have  been  made.  Of 
that  amount  there  have  been  entered  since  the  passage  of  the  amended 
law  in  1878,  11,177,510  acres. 

Of  this  amount  of  13,637,146  acres  on  which  timber  filings  were  ori- 
ginally made,  it  is  safe  to  say,  from  information  received  from  various 
government  land  offices  in  the  prairie  States  and  Territories,  that  at 
least  one-third  has,  for  various  causes,  been  cancelled  or  entered  under 
other  acts,  leaving,  say,  9,000,000  acres  held  for  the  present  under  the 
provisions  of  the  timber-culture  act. 

Before  giving  an  opinion  as  to  the  practical  operations  of  the  law, 
attention  is  called  to  the  statements  of  those  who^  from  official  position 
or  other  circumstances,  may  be  supposed  to  have  the  best  opportunities 
for  practical  observation  of  the  workings  of  the  act  and  the  amend- 
ments it  needs  to  make  it  more  efficient,  Hon.  Charles  A.  Morris;  regis- 
ter of  the  United  States  land  office  at  Larned,  Kans.,  writes: 

I  have  to  state,  in  reply  to  your  letter,  that  there  have  heeil  made  at  this  ofiSce, 
since  it  opened  for  public  business,  February  15,  187.5,  4,611  timber-culture  entries, 
<'nibracing  about  700,000  acres,  and  of  these  entries  there  have  been  canceled  by  con- 
test and  voluntary  relinquishment  about  one-third,  embracing  about  233,000  acres. 

The  object  of  the  timber-culture  law  is  to  encourage  and  foster  the  growth  of  tim- 
ber on  the  western  prairies,  and  the  fact  that  it  is  not  more  generally  successful  is 
owing  to  the  traffic  in  "claims,"  entered  under  its  provisions  by  chiimants  who  ap- 
propriate public  lands  under  this  law  for  speculative  purposes,  and  when  opportunity 
offers,  sell  to  homestead  and  pre-emption  settlers;  thereby  not  only  defeating  the  ob- 
ject of  the  law,  but  forcing  the  new  conier  to  pay  a  bonus  to  secure  a  desirable  location 
for  a  home  which  he  otherwise  might  have  obtained  at  a  minimum  cost,  to-wit,  the 
government  fees.  This  evil  can  be  remedied  and  the  law  made  effective,  and  the 
growth  of  forest  trees  on  the  western  prairies  assured,  by  so  amending  the  timber- 
culture  act  of  June  14,  1878,  as  to  provide  that  land  once  entered  under  its  provisions 
be  ever  afterwards  appropriated  thereunder,  and  not  subject  to  entry  under  any  other 
7465 2 
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law.  I  would  suggest  that  section  3  of  the  timber-culture  act,  approved  June  14, 
1878,  be  amended  as  follows,  viz : 

'^  And  he  it  farther  provided.  That  lauds  once  appropriated  under  this  act  shall  not, 
in  case  of  the  cancellation  of  a  timber-culture  entry  or  from  any  cause,  be  subject  to 
entry  under  any  other  lasv,  but  shall  be  only  subject  to  entry  under  this  act." 

An  amendment  of  this  kind  would  stop  speculation  of  the  nature  I  have  stated,  and, 
in  my  judgment,  insure,  beyond  question,  the  successful  growing  of  timber  in  Kansas, 
for  laud  once  entered  under  this  law  would  be  thereafter  forever  dedicated  to  the  suc- 
cessful growing  of  timber,  and  title  could  only  be  obtained,  be  he  original  claimant  or 
otherwise,  by  making  the  growing  of  timber  a  success,  audit  has  already  been  demon- 
strated that  timber  can  be  successfully  grown  even  in  western  Kansas,  by  honest  and 
intelligent  effort. 

E.  A.  Knitller,  register,  and  C.  H.  Gould,  receiver  of  the  United  States 
land  office,  at  Miles  Citj^,  Mont.,  present  some  valuable  ideas  about  the 
operations  of  the  timber-culture  act  in  the  following  letter: 

We  would  state  that  the  intention  of  the  act  is  excellent.  Theoretically  the  law  is 
good,  but  in  the  practical  application  of  the  same  it  has  proved  very  faulty. 

It  is  an  excellent  law  for  speculators  in  prospective  town  sites,  as  one  person  at  least 
in  eastern  Montana  has  discovered,  said  person  taking  up  a  *Hree  claim"  at  the  cost 
of  $14,  and,  before  expending  one  penny  for  breaking,  even,  received  $5,000  for  his 
relinquishment. 

We  are  of  the  opinion  that  out  here  nine  persons  out  of  ten,  who  make  timber-cul- 
ture entries,  do  not  expect  to  ever  plant  a  cutting,  slip,  or  to  sow"  a  seed  of  a  tree. 

The  lands  jnost  sought  after  in  this  land  district  are  the  bottom  lauds  along  the  Yel- 
lowstone, the  Tongue,  Powder,  and  Rosebud  rivers,  and  nearly  every  section  along 
and  skirting  those  streams  contains  more  or  less  timber.  The  average  speculator  en- 
deavors to  take  the  best  bottom  lauds  and  with  just  as  many  trees  upon  the  section, 
and  frequently  upon  the  tract  actuallj^  entered  under  the  timber-culture  laws,  as  they 
dare  or  can;  they  hold  the  land  a  year  or  two,  and  then,  if  it  is  not  contested  as  fraud- 
ulent, they  relinquish  their  entry,  asking  that  their  right  and  fee  and  commissions  be 
returned  to  them,  upon  the  ground  that  the  entry  cannot  be  confirmed,  the  land  not 
being  subject  to  timber-culture  entry.  There  has  not  been  to  our  knowledge  a  cut- 
ting, seed,  or  a  tree  planted  upon  a  timber-culture  claim  in  this  land  district,  but  Cot- 
tonwood trees  have  been  planted  in  the  yards  and  streets  in  town,  and  nearly  all  have 
grown,  although  the  ground  has  never  been  prepared  or  cultivated.  In  our  opiniou, 
trees  can  be  successfully  raised  upon  prairie  laud  by  careful  and  intelligent  care  and 
culture. 

We  think  the  i)resent timber-culture  laws  should  be  repealed  or  amended  asfollows, 
viz: 

Ist.  The  applicant  should  be  required  to  swear  that  he  personally  examined  the 
whole  section  of  640  acres,  finding  the  corners  of  the  same,  and  that  there  is  not  at 
the  date  of  the  affidavit,  and  apparently  never  has  been,  upon  the  said  640  acres  any 

trees,  shrubs  or  brush  growing  thereon,  excepting (describing  the  growth). 

This  would  enable  the  local  officers  to  judge  by  the  affidavit  as  to  the  character  of  the 
land.  Under  no  circuniKtances  should  the  applicant  be  allowed  his  right  and  fee  and 
commissions  restored  to  him. 

2d.  When  a  tract  of  land  has  once  been  withdrawn  by  a  timber-culture  entry  it 
should  not  .thereafter  l>e  subject  to  homestead,  pre-emption,  scrip  location  or  cash  en- 
try, iirovided  the  land  shoiihl  be  properly  subject  to  timber-culture  entry;  Nor 
should  more  tlian  three  timber-culture  entries  be  allowed  for  the  same  tract,  the  for- 
mer entry  having  been  cancelled  for  relinquishment,  or  upon  proof  of  non-compliauce 
with  law  after  contest.  The  tract  thereafter  (the  three  timberentrieshave  been  nuide) 
to  bocon)e  the  property  of  the  State,  upon  proof  of  compliance  with  the  requirements 
of  the  timber-culture  laws  on  the  part  of  the  duly  authorized  agent  for  the  State. 
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This,  wethiuk,  would  stop  si)eculator.s  from  taking  timber-culture  claims,  ami  would 
have  the  eitect  of  eventually  establishing  ten  acres  of  good  timber  upon  every  even 
numbered  section  of  United  States  lands,  the  same  being  prairie  land. 

lid.  The  amendment  of  the  act,  whereby  the  same  commissions  and  fees  are  to  be 
paid  by  the  applicant  as  would  be  recpiired  under  the  homestead  laws  for  the  same 
tract. 

Under  the  homestead  laws  the  applicant  for  160  acres  of  double  minimum  land  in 
Montana,  and  ten  other  States  or  Territories,  is  required  to  pay  at  date  of  entry  $10 
fee  to  the  United  States  aud  commissions  to  the  local  officers  of  |ili2,  and  the  same  com- 
missions for  the  local  officers  at  the  time  of  proving  up  under  the  homestead  law,  viz., 
sl2.  I 'nder  the  timber-culture  laws  the  fee  to  the  government  is  the  same,  but  the 
commissions  to  the  local  officers  are  only  !i;4  to  be  paid  when  entry  is  made,  and  $4  to 
l»e  ])aid  when  proof  is  uuwle;  making  a  loss  to  the  local  officers  of  $18  for  each  160 
acres  taken  under  the  timber-cultnre  laws. 

Thus  the  law  as  it  now  exists  virtnally  offers  a  premium,  and  makes  it  a  great  ob- 
ject to  local  officers  where  the  maximum  is  not  attained  (and  those  are  in  the  major- 
ity) to  tliscourage  timber-cnlture  entries.  We  do  not  think  the  timber-culture  law 
strong  enongh  to  carry  so  heavy  a  weight;  they  are  too  heavily  handicapped. 

We  mny  be  too  strong  in  our  suggestions  to  suit  you,  but  the  above  are  our  honest 
opinions. 

Loren  Listoe,  register  of  the  United  States  land  office  at  Fergus  Mills^ 
Minn.,  says: 

The  timber-culture  act  by  no  means  has  proved  to  be  of  so  great  a  benefit  to  the 
public  as  had  been  expected,  still  I  would  consider  it  a  great  calamity  and  a  serious 
mistake  if  said  act  should  be  repealed.  It  is  true  that  a  great  number  of  acres  have 
been  entered  by  speculators  under  said  act,  who,  for  instance,  hold  it  two  or  three 
years  aud  then  sell  their  rights  to  other  parties.  But  on  the  bleak  prairies  of  this 
State  and  Dakota  I  know  of  a  great  many  claims  which  have  been  entered  by  parties, 
actual  settlers,  who  honestly  try  to  carry  out  the  provisions  of  the  act. 

Hon.  J.  Y.  Bogert.  receiver  of  the  United  States  land  office  at  Boze- 
man,  Mont.,  speaking-  of  relinquishments  under  the  timber-culture  act^ 
says : 

It  is  my  opinion  that  speculation,  expense  and  labor  mainly  caused  the  relinquish- 
ments. I  do  not  conclude  that  the  relinquishments,  to  any  extent  at  least,  are  caused 
by  the  failure  of  trees  to  grow,  if  properly  cared  for. 

It  is  my  opinion  that  the  time  given  iu  which  to  perfect  an  entry  is  too  long  ;  it 
encourages  speculation  in  public  lands,  enabling  parties  to  hold  them  eight  years,  in 
very  many  cases  without  planting  a  tree.  Contests  are  not  so  often  brought;  parties 
do  not  like  to  antngonize  neighbors;  while  the  fact  that  inclosed  or  cultivated  laud 
has  been  taken  under  the  timber-culture  law  may  be,  can  be,  and  no  doubt  often  is 
concealed.  * 

I  see  no  reason  why  i)arties  should  not  be  obliged  to  plant  a  certain  area  in  trees, 
and  during  the  first  continuous  summer  succeeding  their  filing,  if  made  during  a  sum- 
mer, and  during  the  summer  succeeding  filing  if  made  j^^'^or  to  a  summer.  I  do  not 
notice  any  necessity  for  the  first  year's  plowing  aud  the  second  year's  cultivation,  if  I 
am  to  judge  from  local  success  with  trees  without  said  work  and  use  of  time.  Of 
course,  I  know  that  trees  require  care  and  ground  lu'eparatiou,  but,  were  said  two 
years  not  given,  more  compliance  with  the  law  would  follow  aud  less  speculation  in 
entries  result.  Again,  at  stated  times  during  pendency  of  each  case,  parties  should 
be  obliged  to  appear  at  the  local  land  oflfice  and  prove  compliance  with  the  law.  This 
would  force  compliance  or  relinquishment,  and  do  away  with  eight  years'  withdrawal 
of  much  laud. 
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W.  E.  Powell,  the  general  agent  of  the  Chicago,  Milwaukee  and  Saint 
Paul  Eailroad,  writing  of  the  workings  of  the  timber-culture  act,  and 
referring  particularly  to  the  Territory  of  Dakota,  says: 

The  tr.  e-claini  law  is  sliamofnlly  abused  in  tliat  Territory.  While  it  was  made  for 
the  benefit  of  the  actual  settler,  there  is  no  chance  for  him  to  get  a  tree  claim  at  all. 
They  are  all  taken  np  in  each  township  by  speculators  in  less  than  twenty-four  hours 
after  the  township  is  in  market.  They  file  them  under  fictitious  names  and  hold  them 
until  a  settler  comes  and  buys  them  for  $300  or  $400  each,  but,  if  they  cannot  sell  them 
before  improvements  must  be  made  on  them,  they  relinquish  them  to  each  other  or 
to  some  unknown  parties,  and  get  new  filings  on  them,  and  they  can  keep  them  so 
many  years  without  any  planting  whatsoever,  thus  circulating  reports  among  the 
ignorant  that  trees  will  never  grow  on  prairie  land.     We  will  prove  to  the  contrary. 

D.  S.  Hall,  register  of  the  laud  office  at  Benson,  Minn.,  says: 

I  have  no  doubt  that  the  timber-culture  law  is,  and  has  been,  a  cloak  for  covering 
large  tracts  of  good  land  by  parties  who  have  no  idea  of  ever  complying  with  the 
law,  as  far  as  planting  trees  is  concerned;  but  a  slight  amendment  to  the  law,  requir- 
ing the  parties  to  promptly  and  strictly  comply  with  the  requirements  thereof,  would 
remedy  the  evil  and  stop  the  fraud. 

D.  S.  Grimes,  a  gentleman  of  great  experience  in  tree  growing,  and 
for  many  years  a  resident  of  Denver,  Colo.,  writes: 

With  the  timber-culture  act  as  it  now  stands,  the  incentive  to  planting  is  to  secure 
title.  The  claimant  does  as  little  as  possible  to  comply  with  the  requirements  of  the 
law;  he  has  no  pride  or  sympathy  with  his  work  only  as  refers  to  obtaining  title. 
The  planting,  protection,  and  healthy-growing  of  his  trees  for  eight  years  is  sworn  to 
by  interested  and  acconmiodating  neighbors,  hence  this  act  is  often  taken  advantage 
of.  To  repeal  this  act  would  do  the  West  great  injustice.  It  should  be  amended  so 
as  to  compel  a  faithful  performance  of  the  contract  on  the  part  of  the  claimant. 
Instead  of  one  entry  of  160  acres  to  each  section  there  should  be  two  entries  allowed, 
not  to  exceed  eighty  acres  each  npon  a  section  of  640  acres  to  be  planted  to  timber  in 
the  same  proportion  as  provided  for  in  160-acre  tracts.  The  advantage  of  dividing 
160  acres  into  individual  timber  entries  can  plainly  be  seen : 

1st.  The  timber  is  in  two  plantations  instead  of  one,  and  perhaps  located  in  oi)po- 
site  parts  of  the  section,  and  will  be  benefiting  twice  the  number  of  settlers. 

2d.  One  hundred  and  sixty  acres  are  too  much  for  a  man  of  limited  means  to  culti- 
A^ate  successfully;  the  area  of  land  being  so  much  greater  than  his  ability  to  control, 
neglect  and  failure  will  result. 

A  State  or  district  forester  of  practical  experience  should  be  appointed  by  govern- 
ment, wiiose  duty  should  be  to  give  information  free  to  all  applicants  upon  the  subject 
of  forest-culture.  In  making  final  proof  on  a  timber  entry  the  forester  should  first 
make  a  personal  inspection  of  the  lands  claimed  under  the  act,  and  if  the  law  has  been 
fully  and  faithfully  carried  out,  then  his  certificate  should  be  sufficient  evidence  that 
the  law  has  been  complied  with.  This  will  not  only  compel  the  party  claiming  land 
under  the  timber-culture  act  to  be  thorough  in  planting  and  cultivating,  but  will 
save  to  the  government  thousands  of  acres  annually  that  would  otherwise  pass  into 
the  hands  of  dishonest  claimants.  f 

Mr.  D.  Pratt,  an  old  resident  of  the  plains  country,  sends  the  follow- 
ing suggestions : 

I  would  first  repeal  the  acts  granting  lands  for  timber  culture  and  for  pre-eraptioa 
claims,  and  permit  claims  to  be  taken  only  under  a  modified  homestead  art.  The 
changes  I  would  suggest  in  the  homestead  act  are  as  follows:  I  would  allow  a  settler 
to  take  any  number  of  claims  he  chooses,  up  to  one  section,  640  acres,  with  this 
proviso,  that  on  each  and  every  quarter  section  granted  him  he  should  plant,  culti- 
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vate,  protect,  .and  maintain  l(j  acrcH  of  timber  across  either  the  entire  north  or  south 
side  of  said  quarter  section.  The  phintinj;  I  woukl  require  to  be  done  in  the  follow- 
ing manner,  vi/:  Previous  to  the  first  day  of  June  next  succeeding  said  homestead 
entry,  he  should  break  across  the  entire  north  or  soutli  side  of  each  quarter  section 
not  less  than  four  acres.  And  previous  to  the  first  day  of  each  succeeding  June,  for 
three  consecutive  years  thereafter,  4  acres  more,  or  until  16  acres  are  broken.  Ther 
first  4  acres  should  be  planted  within  two  years,  or  the  second  spring  after  the  land 
is  broken,  and  4  acres  mon^  i)lanted  annually  thereafter  until  the  16  acres  are  all 
planted.  The  land  should  be  thoroughly  cultivated  the  year  previous  to  plantings 
and  each  succeeding  year,  till  the  trees  are  at  least  six  years  old.  I  would  make  the 
cultivation  of  the  land  thus  granted,  other  than  the  16  acres  above  specified,  entirely^ 
optional  with  the  grantee,  but  would  require  an  actual  resideuceon  the  land,  which 
the  tinjber-culture  act  does  not. 

S.  M.  Emery,  of  Lake  City,  Minn.,  says : 

My  personal  observation  in  tree-planting  has,  in  the  main, been  confined  to  the  portior* 
of  the  West  contained  in  Western  Minnesota,  Northern  Iowa,aud  Eastern  Dakota,  where 
many  farms  have  been  taken  under  the  timber-culture  act.  These  apparently  have 
not  always  been  successful  in  the  production  of  timber,  not  from  any  constitntional 
(Ufiiculty  in  the  soil  but  from  force  of  circumstauces,  and  these  mostly  arise  from  the 
inability  of  the  pioneer  settler  to  obtain  suitable  stock  for  planting,  the  lack  of 
knowledge  as  to  culture,  and  lack  of  means  to  give  the  land  suitable  cultiv;ition.  I 
have  seen  some  very  fine  groves  of  artificial  timber,  mainly  white  willow  and  cotton- 
wood.  There  is  nothing  in  the  working  of  the  law  that  prevents  the  growth  of  tim- 
ber. Land  well  broken  aud  backset  the  first  season,  cropped  to  fljix  the  second  season, 
this  cut,  and  the  laud  plowed  and  harrowed  thoroughly  in  the  fall,  immediately  after 
harvest  and  then  jdanted  to  either  box  elder  seed  or  hardy  seedlings;  and  then  the 
same  care  given  the  crop  that  a  good  crop  of  corn  should  receive,  will  surely  produce 
a  magnificent  growth  of  trees.  This  I  know  for  a  personal  fact,  having  had  the 
management  of  five  timber  claims  aside  from  my  own.  The  number  of  claimants 
who  have  proved  up  is  small  beyond  doubt,  as  it  is  not  a  law  of  long  standing. 
That  there  are  frauds  under  the  law  we  do  not  doubt,  but  it  is  fashionable  no.v- 
a-days  to  do  this.  If  millions  of  acres  of  valuable  pine  timber  can  be  stolen  under  the 
lue-emption  act,  it  would  not  be  strange  if  fraudulent  proofs  nwiy  be  made  on  timber 
claims.  I  have  thought  much  over  the  best  way  for  government  to  manage  the  tim- 
ber claim  filings.  It  does  not  seem  right  for  a  man  to  cover  160  acres  for  three  years, 
then  reliuqnish  to  some  other  party  who  can  do  the  same  thing,  aud  thus  indefinitely 
cover  aud  hold  a  piece  of  land.  Again,  the  law  is  much  abused  in  the  planting  of 
seed.  It  would  seem  advisable  to  me  that  a  claimant  in  case  of  contest  for  non-com- 
pliance with  the  law,  who  should  base  his  defense  on  having  planted  seed  which  did 
not  germinate,  should  be  made  to  show  by  at  least  four  witnesses  of  unimpeachable 
veracity,  that  the  seeds  were  actually  planted  and  that  a  series  of  as  formidable  ques- 
tions aud  answers  as  are  needed  for  proof  paper  should  be  used  to  jirove  his  defense. 
This  would  work  no  injury  to  innocent  parties,  and  would  certainly-  have  the  effect 
of  making  men  careful.  I  think  the  law  should  plainly  state  that  27,000  trees  should 
be  jdauted  on  10  acres  in  rows  eight  feet  apart,  trees  two  feet  apart  in  the  rows.  This- 
will  admit  of  crop  cultivation  in  half  the  soil  aud  will  leave  trees  in  better  shape  for 
trimming.  I  think  an  annual  cultivation  should  be  required,  for  at  least  six  years  of 
the  eight.  It  might  be  worthy  of  consideratioin  the  idea  of  allowing  a  man  to  com- 
mute at  the  end  of  the  fourth  year  from  filing,  provided  he  can  prove  the  existence, 
of  625  good  trees  ou  each  of  10  acres  by  payment  of  $1.25  per  acre.  The  eftect  of  all 
this  would  be  to  open  up  that  much  nmre  land.  Of  course  no  pnrchaser  would  de- 
stroy 8o  valuable  a  property  as  10  acres  of  growing  timber.  *  <*  *  I. am  sanguine 
that  we  will  yet  see  our  bleak  prairies  dotted  with  noble  clumps  of  timber,  the  result 
•  f  the  act. 
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It  will  be  seen  that  the  testimony  of  these  witnesses,  government  offi- 
cials and  others,  is  uniform.  They  all  state  that  in  many  instances  the 
law  fails  of  its  main  object,  the  extension  of  the  forest  area  of  the  country. 
The  great  evil  pointed  out  by  of  all  them  is  everywhere  the  same,  viz., 
the  sale  or  transfer  of  timber  claims  by  the  original  claimants  to  spec- 
ulators and  other  parties. 

We  have  already  called  attention  to  the  fact  that  of  the  13,000,000 
acres  filed  under  the  timber-culture  law,  at  least  one-third  has  been 
canceled  or  entered  under  other  acts.  It  is  safe  to  say,  with  the  state- 
ments herein  given  before  us,  that  within  a  brief  period,  unless  the  law 
is  amended,  a  large  portion  of  the  9,000,000  acres  remaining  will  be  di- 
verted in  a  similar  manner.  Admitting  that  the  law  is  defective  and 
that  men  are  dishonest,  and  that  they  perjure  themselves  in  regard  to 
timber-culture  claims  just  as  they  frequently  do  iu  regard  to  the  home- 
stead filings,  is  it  proven  that  the  law  utterly  fails  of  its  intention  ;  that 
it  has  accomplished  no  good  purpose,  or  that  it  cannot  be  made  to  do 
so!  The  testimony  does  not  show  this.  None  of  the  land  officers  or 
others  whose  observations  we  have  given  recommend  the  absolute  re- 
peal of  the  act  5  they  simply  recommend  its  amendment  audits  enforce- 
ment. The  objection  made  that  natural  causes  make  compliance  with 
the  law  impossible,  in  other  words  that  trees  cannot  be  made  to  grow 
with  i)roper  care,  is  nowhere  sustained.  On  the  other  hand,  the  evidence 
is  overwhelming  that  in  all  the  country  between  the  Mississippi  and 
the  Rocky  Mountains  trees  will  grow  under  cultivation,  and  that  no 
man  can  yet  say  where  the  line  is  located  beyond  which  forestry  is  un- 
l)rofltable. 

From  a  mass  of  letters  and  reports  from  all  part  of  this  vast  region 
we  give  the  following; 

B.  P.  Hanon,  of  Reno  County,  Kansas,  writes : 

In  every  iustance  in  our  knowledge  where  suitable  varieties  have  been  planted  and 
properly  cared  for  afterwards,  they  have  grown  well  and  i)roved  satisfactory. 

Mr.  E.  E.  Ballou,  of  the  United  States  land  office  at  Helena,  Mont., 
says: 

I  am  fully  satisfied  that  cottouMOod,  balm  of  Gilead,  and  box-elder,  all  of  which 
are  native,  can  and  will  be  cultivated  successfully  here.  The  silver-leaf  jioplar  also 
grows  quite  as  thrifty  as  any  of  them.  I  sbouhl  much  regret  the  repeal  of  the  tim- 
ber-culture act,  for  I  think  it  will  prove  a  great  bh-ssing  to  this  as  well  as  other  Ter- 
ritories if  continued. 

Mr.  D.  S.  Flail,  register  of  the  United  States  land  office  at  Benson, 
IVliun.,  says:  ^ 

No  person  who  knows  anything  of^estern  prairies  will  d(Miy  that  planting  trees 
theri'on  is  tin?  very  thing  of  all  others  to  nuike  it  a  place  to  be  inhabited  by  uian.  I 
H[>eak  from  years  of  pei-sonal  exiteiiiuice  when  I  say  that  it  is  perfectly  natural  and 
easy  for  trees  to  grow  on  these  western  prairies.  Where  i)i;p,irio  fires  are  kept  from 
runniug,  grov(^s  of  tre<5S  spring  up  at  once.  I  know  of  a  grove  of  heavy  timber,  con- 
taining 00  acres,  which  stood  in  the  center  of  the  prairie,  miles  from  any  other  tim- 
ber, in  Renville  County,  this  State.     This  grove  was  almost  surrounded  by  water, 
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wliich  protected  the  land  from  the  ravages  of  fire.  It  was  called  Bird  Island.  I 
could  refer  you  to  any  number  of  illustrations  to  show  you  that  trees  will  grow  on 
these  prairies  if  you  will  only  let  them,  and  also  that  by  the  slightest  effort  nearly  all 
of  the  valuable  timber-producing  trees  may  be  successfully  grown  out  on  the  prai- 
ries. 

The  evidence  of  E.  T.  Byrain,  county  surveyor  of  Jewell  County,  Kan- 
sas, is  to  this  effect: 

If  any  one  has  any  doubt  about  this  matter  he  has  only  to  pass  through  this  and 
adjoining  counties  and  see  the  beautiful  small  groves  and  windbreaks  of  different 
varieties  of  forest  trees  to  be  fully  convinced  that  trees  will  grow  on  the  prairies  200 
miles  west  of  the  Missouri  River.  There  has  no  doubt  been  a  great  deal  of  decep- 
tion  and  fraud  practiced  in  regard  to  timber  entries;  but  the  same  may  be  said  in  re- 
gard to  homesteading.  I  do  not  know  how  these  evils  can  be  remedied,  but  I  do 
know  that,  although  I  have  less  than  three  years  remaining  of  my  threescore  and 
ten,  yet  if  I  needed  to  do  so  I  would  plant  forest  trees  with  an  abiding  trust  that  I 
would  live  to  reap  the  benefit  of  my  labor,  and  that  in  less  than  ten  years  I  would 
have  all  the  fuel  I.  would  need  year  in  and  year  out. 

Loren  Listoe,  of  tlie  United  States  land  ofl&ce  at  Fergus  Mills,  Minn., 
gives  his  opinion  as  tollows  : 

In  this  land  district  but  three  timber  claims  have  so  far  been  proved  up  ;  upon  all 
of  these  the  trees  were  in  good  condition,  and  one  of  them  which  I  have  myself  in- 
spected presents  to-day  as  fine  an  appearance  as  if  it  was  a  regular  nursery,  com- 
posed of  Cottonwood,  ash,  and  white  Avillow;  the  trees  are  from  12  to  20  feet  high,  and 
some  of  them  fit  to  be  used  for  fence-poles  to-day.  I  think  it  can  be  safely  said  that 
any  man  who  will  prepare  his  ground  properly,  and  cultivate  the  trees  after  they  are 
planted,  can  raise  timber  successfully  in  this  State,  and  in  Dakota,  where  I  am  ac- 
quainted. 

T.  G.  Clark  writes  from  Osage  County,  Kansas,  a  hundred  miles  west 
of  the  Missouri  Eiver  : 

Tree-planting  on  the  prairies  is  no  longer  an  experiment,  but  a  successful  business. 
The  time  has  come  in  the  history  of  this  nation  to  encourage  the  planting  of  forest  trees, 
and  I  think  it  unwise  to  repeal  the  timber  act.  I  think  the  law  should  not  restrict  the 
planting  of  every  valuable  variety  of  trees,  but  let  the  settler  plant  such  kinds  as  will 
succeed  best. 

FORESTRY  AND   IRRIGATION. 

It  is  asserted  that  a  vast  portiort  of  the  interior  country  of  the  conti- 
nent, including  portions  of  the  States  of  Texas,  Kansas,  Colorado,  and 
the  Territories  of  Dakota,  Wyoming,  and  New  Mexico  cannot  be  culti- 
vated without  irrigation,  and  this  brings  up  the  very  natural  question, 
why  should  they  not  be  cultivated  with  it !  It  is  admitted  that  forests 
affect  the  rainfall,  or  at  any  rate  the  general  humidity  of  the  atmos- 
phere ;  why  should  not  the  rule  be  made  to  work  both  w^ays,  and  forests 
be  sustained  by  the  water  now  available,  evei^in  the  most  arid  portions^ 
of  the  country,  and  the  forests,  on  th#  other  hand,* be  made  to  i)re- 
serve  and  increase  the  supply  of  moisture  ? 

The  great  open,  high,  and  dr\»  country  of  which  we  are  writing,  esti- 
mated in  extent  at  three  hundred  miles  wide  and  eight  hundred  miles 
long,  is  not  naturally  unfertile.  It  is  not  a  sandy  desert,  or  a  rocky 
waste,  of  no  intrinsic  value  for  agricultural  purposes,  but  the  soil  for 
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the  most  part  is  a  rich  loam,  possessing  the  constituent  parts  of  rich 
tillable  soil. 

The  country  is  not  entirely  destitute  of  water,  by  any  means ;  it  is 
traversed  by  the  Canadian,  the  Arkansas,  the  upper  waters  of  the 
Kansas,  the  North  and  South  Platte,  the  Rio  Grande,  the  Nebraska, 
the  Cheyenne,  and  many  such  streams  as  the  Cache  la  Poudre.  These 
streams  are  alike  in  their  character;  each  has  a  wide  !>hallow  bed,  shifting 
channels,  swift  currents,  and  a  fall  of  from  seven  to  ten  feet  to  the  mile. 
The  banks  are  very  low  and  the  valleys  wide,  and  with  a  descent  to  the 
eastward  corresponding  to  the  fall  of  the  streams. 

With  water,  and  a  fertile  soil  which  only  needs  water,  why  should 
not  the  two  be  brought  together  ?  This  is,  briefly,  what  may  be  termed 
the  "irrigation  question." 

To  consider  the  difficulties,  first,  it  is  said  that  the  streams  mentioned 
cannot  be  depended  on  to  furnish  the  requisite  amount  of  water  at  the 
season  when  it  is  needed.  To  this  objection  it  is  answered  that  there 
is  every  natural  facility  for  the  construction  of  immense  reservoirs  for  the 
storage  of  water  during  the  winter  and  the  portion  of  the  year  when 
there  is  a  surplus;  and,  further,  that  the  great  plateau  is  traversed  by 
subterranean  streams  which  may  be  reached  by  digging.  The  surface 
streams,  which  seem  to  dry  up  at  some  seasons,  merely  sink  into  the 
sand,  and  the  fact  is  called  to  mind  that  in  18o9-'60,  the  driest  season 
ever  known  within  the  memory  of  man,,  when  in  the  country  west  of 
the  Missouri  no  rain  fell  during  a  period  of  nearly  twelve  months, 
water  was  found  by  digging  iu  the  beds  of  these  streams. 

The  best  and  safest  rule  in  endeavoring  to  ascertain  whether  a  thing  can 
be  done  is  to  secure  an  answer  to  the  question,  "  Has  it  been  done  f"  Ap- 
plying this  rule  to  the  irrigation  question  it  will  be  found  that  irriga- 
tion has  been  successfully  carried  on  along  the  banks  of  the  Eio  Grande 
for  the  three  hundred  years  that  the  country  has  been  known  to  white 
men,  and  for  indefinite  centuries  before  the  Spaniards  landed  iu  North 
America.  The  irrigating  ditches  in  the  valley  of  the  Pecos  may  have 
been  dug  when  the  pyramids  were  ;^oung. 

The  results  of  irrigation  carried  on  by  an  imperfectly  civilized  and 
unprogressive  people,  with  the  rudest  implements,  may  be  seen  from  the 
point  where  the  Kio  Grande  leaves  the  mountains,  tor  hundreds  of  miles ; 
and  amid  a  land  which  elsewhere  seems  cursed  with  eternal  sterility, 
winds  the  green  belt  of  trees  and  orchards,  of  fields  and  vineyards 
watered  by  the  Eio  Grande  or  its  tributaries,  from  the  garden  of  the 
^archbishop  of  Santa  FeAo  the  mass  of  verdure  whicli  enfolds  the  old 
New  Mexican  town  of  Las  C rices. 

This  is  the  work  of  a  people  with  no  scientific  knowledge  of  hydraulic 
engineering,  carried  on  with  hoes  and. plows  such  as  were  iu  use  in  the 
days  of  Abraham.  Can  no  more  be  done  by  Americans  than  by  New 
Mexicans  and  Indians?  Are  the  resources  of  modern  agriculture  infe- 
rior to  the  unchanged  inventions  of  a  Pueblo  Indian  ?    iSlust  we  abau- 
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(Ion  a  country  to  desolation  wliicli  ^Mexican  peons  have  found  capable 
of  cultivation  ! 

Answers  in  the  negative  are  not  wanting.  Xot  to  speak  of  the  won- 
derful success  achieved  by  the  Mormons  at  Salt  Lake,'  the  scene  of  which 
is  outside  of  the  region  which  is  properly  to  be  discussed  in  this  re- 
port, there  may  be  cited  what  was  once  known  as  the  "Greeley  ex- 
periment," which  is  an  experiment  no  longer.  Saying  nothing  of  the 
success  in  the  direction  of  farming  and  gardening  which  has  made  the 
Greeley  community  one  of  the  most  prosperous  in  the  United  States^ 
the  growth  of  trees  has  been  enormous.  The  cottonwoods  planted  in 
the  early  days  of  the  colony  are  giants  in  size  now,  and  other  trees  are 
growing  finely  and  will  eventually  take  the  place  of  the  "  i)ioneer  tree.'^ 
Fot  far  from  Greeley  is  Fort  Collins,  the  seat  of  the  agricultural  col- 
lege of  Colorado,  and  of  the  success  of  tree  culture  there,  P.  M.  Hin- 
man,  the  secretary  of  the  college,  writes : 

In  regard  to  the  growing  of  trees  in  this  region,  I  will  say  that  there  has  been  a 
large  growing  interest  taken  in  the  past  few  years,  and  trees  are  being  pnt  out  very 
extensively-;  I  know  of  some  walnuts  in  bearing  and  others  being  planted.  Should 
think  that  the  next  ten  years  will  find  a  very  rapid  increase  both  in  amount  of  land 
devoted  to  the  growth  and  the  kinds  planted. 

This  is  but  one  case.  At  various  points  in  Colorado  and  in  Wyoming 
irrigating  ditches,  to  be  in  some  cases  GO  miles  in  length,  are  in  course 
of  construction.  Wherever  these  ditches  run,  trees  will  grow  trans- 
forming the  ftice  of  the  country.  It  has  been  noticed,  too,  that  in 
abandoned  ditches  young  cottonwoods  spring  up  by  thousands,  the 
presence  of  water  the  year  before  seeming  in  some  manner  to  promote 
their  growth. 

At  Garden  City,  Kans.,  near  the  borders  of  Colorado,  on  the  line  of 
the  Atchison,  Topeka  and  Santa  Fe  llailroad,  irrigation  has  been  begun 
on  a  scale  which  bids  fair  within  a  few  years  to  be  the  most  extensive 
within  the  limits  of  the  United  States.  The  source  of  supply  here  is 
the  Arkansas  Kiver,  and  the  fall  is  so  great  that  the  water  taken  from  the 
river  twenty  miles  above  Garden  City,  when  it  reaches  that  point,  can  be 
carried  over  the  high  plateau  known  as  the  "Second  Bottom,'^  and  so 
an  immense  area  is  embraced  within  the  possible  limits  of  irrigation. 

With  the  first  beginnings  of  cultivation  trees  were  planted,  and  their 
growth  has  been  surprising.  This  nuich  has  been  demonstrated,  that 
there  is  nothing  in  the  character  of  the  soil  to  prevent  a  tree  growth  as 
luxuriant  as  can  be  found  anywhere  within  the  limits  of  the  United 
States. 

The  theory  that  the  high  idains  were  once  covered  Avith  forest,  and 
that  at  a  not  remote  period,  is  sustained  by  some  remarkable  facts.  It 
is  certain  that  the  trunks  of  large  trees  are  found  in  the  blutls  or  hills, 
miles  from  the  water  courses,  and  that  not  many  years  ago  these  giants 
of  a  century's  growth  were  quite  numerous. 

Long  before  the  settlements  had  encroached  upon  these  plains,  the 
Arkansas,  the  Platte,  and  other  streams  were  skirted  with  timber  which 
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graduall}^  disapi)eared  as  you  traveled  westward.  These  same  streams 
were  supplied  with  considerable  bodies  of  timber  from  the  mountains 
eastward.  The  intervening  distance  from  where  the  timber  disappeared 
on  the  east  to  where  it  again  begun  on  the  west  was  perhaps  two  hun- 
<ire<l  miles,  although  in  the  adjoining  bluffs^  at  points  where  no  trees 
or  even  brush  was  found  along  the  streams,  bodies  of  old  trees  were 
found  and  used  extensively  for  firewood. 

The  digging  of  irrigating  canals  is  the  signal  for  a  heavy  volunteer 
growth  of  timber  along  their  borders,  the  Cottonwood,  the  willow,  and 
the  elm  predominating.  Forest  trees  planted  by  tue  settlers  or  ranch- 
men upon  the  bottom  lands  at  any  point  between  the  Missouri  River 
and  the  mountains  seem  to  live  and  flourish  without  further  attention. 
All  plainsmen  remember  the  immense  ''lone  cotton  wood"  tree  that 
stood  for  a  century,  far  removed  from  the  Arkansas  River  in  the  vicinity 
of  Fort  Dodge,  Kansas.  For  years  large  supplies  of  cedar  were  found 
in  the  hills  near  Julesburg,  IS^ebr.,  not  far  from  the  confluence  of  the 
North  and  South  Platte  Rivers;  this  timber  was  used  extensively  by 
Ben  Holliday's  overland  stage  line  even  as  late  as  1865. 

The  average  annual  rain-fall  of  this  great  plain,  which  extends 
from  the  Territory  of  Dakota  to  the  Rio  Grande,  does  not  exceed  12 
inches.  Although  it  is  claimed  that  timber  will  not  grow  in  a  region 
where  the  annual  rain-fall  is  less  than  20  inches,  and  although  it  may 
be  argued  that  the  great  plains  are  treeless  because  they  are  rainless, 
and  not  rainless  because  tjiey  are  treeless,  people  who  have  lived  on 
the  eastern  border  of  the  great  desert  for  the  last  quarter  of  a  century 
and  noted  the  clim^-tic  changes  wrought  in  that  time,  and  who  have 
8een  this  border  pushed  westward  several  hundred  miles,  have  faith  to 
believe  that  not  only  will  tlie  civilization  of  the  Missouri  Valley,  fos- 
tered and  sustained  by  modern  farms  of  agriculture,  be  met  from  the 
west  by  that  sustained  by  artificial  water  supply,  but  that  the  nine- 
teenth ceniury  will  witness  the  highest  forms  of  horticulture  and  agri- 
culture successfully  practiced  upon  an  unlimited  scale  in  the  very  heart 
of  this  now  treeless  and  rainless  desert. 

KNOWLEDGE  IS  POWER. 

The  great  gain  so  far  made  is  that  of  knowledge,  and  to  this  great 
gain  every  discussion,  every  report,  every  experiment,  every  success, 
every  failure  even,  has  contributed.  The  too  enthusiastic  have  learned 
moderation,  and  the  despondent  have  been  encouraged.  No  man  who 
has  looked  over  the  ground  will  maintain  that  all  kinds  of  trees  will 
grow  in  the  high  prairies  and  plains  that  grow  in  lands  of  mists,  rain, 
and  mountain,  and,  on  the  other  side,  no  thoroughly  posted  and  phicti- 
cal  i)rairie  farmer  or  plains-man  will  say  tliat  trees  will  not  grow  even 
in  the  constantly  diminishing  precincts  of  the  "American  desert." 
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SUITABLE   VARIETIES. 

It  lias  been  decided  what  trees  grow  best  in  the  prairie  States,  and 
a  hundred  tree  phmters  selected  from  different  localities  in  the  States 
and  Territories  embraced  in  this  rei)ort  would,  if  called  upon,  report 
the  same  varieties.  They  are  the  ash,  black  walnut,  box  elder,  cotton- 
wood,  honey  locust,  Osage  orange,  silver  maple,  catalpa,  Russian  mnl- 
berry,  white  elm,  and  gray  willow.  It  is  not  to  be  understood  that  no 
other  forest  trees  will  grow;  many  other  trees  are  indigenous;  but  it  is 
to  be  understood  that  where  a  selection  is  to  be  made  these  trees  are 
most  available.  In  selecting'  others  the  chances  of  losing  time  and 
money  are  increased. 

PROPER  METHODS  OF  CULTIVATION. 

In  addition  to  this  useful  knowledge  certain  i)oints  have  been-  reason- 
ably well  settled  in  regard  to  the  cultivation  of  these  trees,  and  we  give 
these  directions  in  the  language  of  one  of  the  most  successful  foresters 
in  the  country,  Mr.  G.  H.  Longstreth: 

Trees  should  be  phiuted  cloHely,  for  immediate  and  mutual  protection  ;  second,  for 
economy  in  culture ;  third,  for  the  purpose  of  securing  valuable  timber  and  early  ro- 
t  urns  from  the  plantin<«-.  There  evidently  was  a  want  of  practical  knowledge  with 
our  law-makers  on  this  question  when  they  framed  and  passed  the  timber  act  allow- 
ing trees  to  be  planted  12  feet  apart  each  way.  Trees  planted  such  wide  distances  can 
never  serve  the  purpose  of  a  forest,  but  will  virtually  become  an  ojien  orchard. 

rropngation. — As  a  general  rule  the  best  and  cheapest  mode  of  growing  trees  for 
timber  is  by  means  of  the  seed ;  some  kinds,  such  as  the  cottonwood,  the  willows,  and 
most  of  the  poplars,  may  be  readily  propagated  from  cuttings. 

Preparing  the  ground. — In  preparing  the  soil  for  planting  of  seeds  and  young  trees 
i  t  is  essentially  necessary  that  the  ground  should  be  deeply  plowed  and  well  pulverized. 

Distance  apart. — We  have  practiced  planting  in  rows  4,  6,  8,  and  12  feet  apart,  with 
t  rees  2  to  3  feet  apart  in  the  row,  the  results  so  far  being  in  favor  of  rows  4  feet 
apart.  Trees  that  naturally  grow  upright  may  be  ftirther  apart  than  those  of  a  spread- 
ing habit.     In  no  case  would  we  recommend  putting  the  rows  over  6  feet  apart. 

Planting. — Seeds  that  start  with  a  delicate  growth  should  be  planted  in  nursery 
rows,  or  in  a  seed  bed,  to  be  transplanted  to  the  forest  at  one  or  two  years  old;  seeds 
and  cuttings  of  a  vigorous  growth  may  be  planted  right  out  in  the  forest  rows.  The' 
nut-bearing  trees  do  not  transplant  well,  and  the  seed  should  be  planted  where  the 
trees  are  to  remain.  We  would  advise,  most  decidedly,  not  to  allow  your  trees  in 
nursery  rows  to  get  more  than  two  years  old  before  transplanting;  and  they  are  bet- 
ter transplanted  atone  year  old.  One-year  old  trees  are  sure  to  grow,  having,  in 
proportion  to  the  top,  more  and  better  small  iibrous  roots.  Young  trees  cost  less 
throughout  in  handling  and  plantinS,  and  in  the  end  make  a  larger,  thriftier,  health- 
ier, and  better  tree  every  way.  Be  careful  not  to  expose  the  roots  of  trees  in  hand- 
ling; set  them  one  or  two  inches  deeper  than  they  stood  before,  and  press  the  earth 
firmly  about  the  roots. 

Cultivation. — To  be  successful  in  the  growing  of  trees  it  is  essentially  necessary  that 
they  should  receive  good,  thorough  cultivation.  You  might  just  as  well  expect  to 
grow  a  crop  of  corn  without  cultivation  as  a  crop  of  trees.  Too  many  people  allow 
their  trees  to  die  or  be  ruined  for  want  of  a  little  care  and  cultivation,  ami  then  com- 
plain that  tree-growing  is  a  failure.  Neglect  is  a  failure  everywhere.  Cultivate  well 
in  the  early  part  of  the  season;  allow  no  weeds  or  grass  to  grow;  stop  all  cultivation 
with  the  plow  after  the  middle  or  last  of  July,  this  being  done  in  nvi]rv  to  let  the  trees 
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have  time  to  ripen  their  wood  and  be  in  good  condition  for  the  winter;  pull  or  hoe 
ont  all  the  weeds  that  may  come  in  late  in  the  season.  In  plowing  among  trees  a 
short  whiflietree  shonld  be  used  to  avoid  injuring  the  trees.  All  trees  planted  in  the 
spring  should  be  ridged  the  following  November  by  turning  a  furrow  against;  them 
on  each  side  with  a  light  plow  ;  the  ridges  may  easily  be  leveled  in  the  spring  with 
the  cultivator.  After  three  or  four  years,  or  as  soon  as  the  trees  shade  the  ground, 
they  will  need  no  more  cultivation,  and  will  thereafter  need  but  little  care.  Be  care- 
ful to  keep  stock  from  running  among  the  trees,  as  they  are  very  injurious,  even  after 
the  trees  attain  a  large  size. 

rruning. — This  is  a  subject  that  has  been  much  discussed,  and  in  regard  to  which 
there  are  various  opinions,  some  even  contending  that  trees  should  not  be  pruned  at 
all.  I  shall  consider  it  here  only  in  relation  to  forest  culture.  When  there  are  mor<' 
than  two  leading  shoots  they  should  be  cut  out  to  one,  leaving  the  largest.  Any  side 
branches  which  detract  in  size  and  vigor  from  the  leading  shoot  should  be  shortened 
or  cut  off  entirely.  This  is  all  the  pruning  we  find  necessary  in  a  closely  planted 
forest ;  nature  will  do  all  other  pruning. 

Thinning. — Here  is  where  we  get  our  early  returns.  Several  of  our  rapidly  growing 
trees,  if  they  have  been  properly  planted  and  takerf  care  of,  may,  in  four  or  live  years, 
be  thinned  out  to  advantage,  cafe  being  taken  to  leave  the  straightest  and  most  vigor- 
ous trees;  then  thinning  gradually  as  the  trees  grow  larger. 

In  a  convention  of  nurserymen  and  tree-growers  it  is  quite  probable 
that  there  would  be  found  gentlemen  to  take  exception  to  these  rules. 
It  is  also  true  that  these  directions  were  given  originally  for  the  benefit 
of  Kansas  tree  growers;  yet  Mr.  Longstreth's  views  as  to  varieties,  close 
planting,  and  cultivation  have  been  indorsed  by  tree  growers  and  men 
of  exi^erience  all  over  the  country,  west  of  the  Missouri,  writing  without 
consultation  with  each  other. 

THE   BEST   TREE. 

Something  has  been  learned,  too,  of  the  relative  value  of  trees.  -Lim- 
ited as  the  list  seems,  few  persons  will  care  to  plant  them  all,  and  a 
choice  must  be  made.  In  making  the  selection  we  should  advise  as  the 
first  choice  the  black  walnut.  It  seems  for  the  first  three  or  four  years 
a  slow  grower,  but  alter  that  period  it  grows  rapidly;  and  admitting 
that  the  soft-bodied  trees  grow  faster  at  the  start,  they  are  of  little 
value  when  grown,  while  the  black  wahiut  has  an  actual  money  value 
greater  than  that  of  any  other  American  forest  tree.  It  should  be  the 
Western  forester's  main  reliance;  but  between  the  walnuts  experience 
has  shown  that  other  trees  should  be  planted  which  put  forth  their 
leaves  earlier,  though  they  may  not  be  worth  so  much  for  their  wood, 
such  as  soft  maples,  box  elders,  or  cottonwood.  The  latter  have  the 
farther  advantage  of  compelling  the  black  walnut  tree  to  run  up  straight 
and  high,  and  they  serve  to  shelter  and  protect  it  from  the  hot  sun  and 
drying  winds. 

INFLUENCE   OF  DISCUSSION. 

The  varieties  best  for  jdanting  and  their  mode  of  cultivation  having 
been  definitely  settled,  the  next  great  step  is  to  ascertain  and  employ 
the  best  means  to  foster  and  en(M)urage  the  work  of  tree-planting.  In 
this  direction    iniicli   Inis  Ikmmi   doiH'.     Societies,  notably  the  Forestry 
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Association  of  ^limiesota,  liave  done  inucli,  and  meetings  like  those  of 
the  American  Forestry  Congress  at  Cincinnati  and  Montreal  have  ex- 
cited general  interest-  It  is  certain  that  never  before  in  the  history  of 
tliis  conntry  has  forestry  been  so  generally  a  subject  of  interest  among 

all  classes  of  peo])le. 

THE   FUTURE   OUTLOOK. 

It  is  but  nine  years  since  the  timber-culture  act,  the  first  law  of  Con- 
gress designed  to  encourage  tree  growing,  was  passed.  It  is  only  four 
years  since  the  law  was  so  amended  as  to  encourage  action  under  it. 
The  first  timber  claims  are  now  being  proved  up,  and  the  advantages 
and  demerits  of  the  law  are  now  fully  known.  The  subject  has  already 
been  discussed  in  these  pages.  There  can  be  no  doubt  that  Congress 
will  take  action  and  so  amend  the  law  as  to  prevent  fraud,  and  embody 
in  the  law  the  condition,  ^'  once  a  timber  claim,  always  a  timber  claim," 
and  so  give  an  immense  impetus  to  tree- growing  on  the  prairies.  Thus, 
with  increased  and  increasing  knowledge;  with  enlightened  self-interest, 
and  the  government  of  the  nation  pledged  to  the  protection  of  the  for- 
est lauds,  still  the  common  property  of  the  i)eople,  from  spoliation,  the 
encourager  of  the  honest  settler  under  the  timber-culture  act,  and  in 
time,  the  active  promoter  of  schools  of  forestry,  w^e  have  mucli  to  hope 
f()r. 

WHAT   SHOULD  BE  DONE. 

In  a  country  like  this,  where  the  power  of  the  general  government 
s  scarcely  known  or  felt,  reliance  must  be  placed  upon  the  voluntary 
iction  of  the  individual.  In  European  countries,  where  the  government 
egulates  everything,  even  to  the  amusements  of  the  people,  a  system 
of  forest  laws  can  be  adopted  making  the  planting  and  preservation  of 
orests  obligatory,  but  such  a  system  cannot  be  inaugurated  here..  The 
government  cannot  here  compel  all  men  to  set  out  trees  or  care  for  them ; 
and  it  is  questionable  if  it  can  give  much  successful  encouragement  in 
the  way  of  bounties.  On  the  other  hand,  the  Government  of  the  United 
States  has  a  right  to  take  care  of  its  own.  A  quarter-section  of  land  in 
tlie  prairie  or  on  the  mountain  side  is,  until  it  is  conveyed  by  the  gov- 
I'rnment  to  a  corporation  or  individual,  as  much  the  property  of  the 
United  States  as  is  the  Capitol  at  Washington,  or  a  fort  or  vessel  flying 
the  flag  of  the  United  States.  It  is  as  much  the  duty  of  the  general 
government  to  protect  that  quarter-section  from  invasion  or  spoliation 
as  it  is  its  duty  to  save  the  Patent  Office  or  Treasury  buildings  at 
Washington  from  robbers  or  incendiaries.  Of  course,  the  letter  of  the 
law  recognizes  this  principle,  but  no  laws  have  been  more  systematically 
violated  than  those  designed  for  the  protection  of  government  lands. 
The  theory  has  obtained  that  these  lands  belong  to  the  first  settlers, 
and  that  their  product  is  to  be  used  by  them  for  their,  own  individual 
benefit,  under  the  plea  of  "Developing  the  resources  of  the  country." 
Every  man  who  has  cut  cord-wood  on  the  government  land  and  sold  it 
and  put  the  money  in  his  pocket  has  justified  his  course  by  saying  that 
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the  operation  "developed"  the  countrj^  and  thus  increased  the  value  of 
the  government  land  itself.  Nothing  can  be  more  pernicious  in  theory 
or  practice  than  this.  These  lands  do  not  belong  to  the  first  settler  or 
the  first  thousand  settlers  who  may  come  into  their  vicinity ;  nor  the 
first  corporation  which  may  gain  a  foothold.  They  belong  to  the  nation, 
which  is  the  trustee  for  fifty  millions  of  people.  A  citizen  in  Maine  has 
as  much  interest  in  them  as  a  citizen  in  Kansas  or  Colorado. 

SPOLIATION   or   GOVERNMENT   TIMBKR. 

In  regard  to  the  forest  lands  still  the  property  of  the  United  States, 
the  question  has  arisen,  shall  they  be  protected  for  the  benefit  of  the 
country  and  of  generations  yet  to  come,  or  shall  they  be  reduced  to 
desert  wastes  for  the  private  benefit  of  speculators  and  corporations? 
Take  the  case  of  the  government  forest  lands  in  Colorado.  Twenty- 
four  years  ago  the  slopes  of  the  Kocky  Mountains  were  covered  with 
the  untouched  forests  sufficient,  if  properly  cared  for,  to  supply  the 
reasonable  needs  of  the  settler  and  miner,  as  contemplated  by  the  law, 
till  the  end  of  time.  In  the  shadow  of  these  forests  rose  the  head- 
waters of  the  Rio  Grande,  Platte,  and  the  Arkansas,  and  the  snow  in 
the  deep  woods  melting  slowly,  the  rise  of  the  streams  was  gradual 
and  uniform  for  a  long  period.  To-day  these  mountains  are  being  left 
l^eeled  and  bare.  The  mountain  side  is  being  converted  into  a  bald, 
bleak  desert,  the  springs  are  drying  up,  and  the  Rio  Grande,  Platte, 
and  Arkansas  now  rise  with  sudden  violence  and  then  sink  as  suddenly 
in  their  dry  and  diminished  beds.  In  other  words,  the  people  of  Col- 
orado, Kansas,  and  Xew  Mexico  are  having  inflicted  upon  them  incalcu- 
lable injury,  and  a  wrong  is  being  done  which,  if  not  arrested,  will  affect 
disastrously  generations  yet  unborn. 

In  return  for  this  devastation  of  its  property  the  government  receives 
nothing;  its  magnificent  estate  is  laid  waste,  and  it  gains  nothing  in 
the  way  of  recompense.  The  land  is  nominally  in  market  at  $2.50  an 
acre  in  bodies  of  160  acres  to  one  individual,  but  it  is  not  being  pur- 
chased to  any  extent.  With  a  view  of  aiding  the  poor  settler  or  needy 
miner,  a  law  was  passed  some  years  ago  allowing  him  to  take  timber 
for  domestic  use,  meaning  thereb^^,  evidently,  his  personal  use,  for  fenc- 
ing, firewood,  or  lumber  necessary  in  the  actual  construction  of  his 
mining  shaft.  The  law  was  certainly  liberal  enough,  and  was  so  liber- 
ally inter})reted  by. the  settlers  that  it  was  found  necessary  to  send  go\ 
ernment  agents  to  the  spot  to  protect  the  rights  of  the  government ;  bui 
since  that  i)eriod  the  words  ''domestic  use"  have  been  interpreted  to  mean 
the  right  of  the  "party  of  the  first  part"  to  cut  timber  and  sell  to  otlier 
parties  for  their  use.  finder  this  ruling  there  were  lying  in  one  mount 
ain  stream  in  September,  1882,  half  a  million  railroad  ties,  indicating 
by  their  length'that  they  were  inlen(l^d  for  the  ''domestic  use"  of  a 
broad-gauge  railroad  outside  of  the  limits  oi'  Colorado,  where  the  nar 
row-gauge  is  the  usual  standard.     This  is  but  one  instance.     Movable 
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saw-mills  traverse  tlie  country,  using  up  every  tree  valuable  for  sawed 
lumber;  these  are  followe<l  by  the  railroad-tie  cutters,  who  take  every 
tree  large  enough  for  one  tie;  to  complete  the  work,  charcoal-burnera 
follow,  using  every  stick  that  is  left.  We  have  before  us  a  pamphlet 
setting  forth  the  advantages  of  a  Colorado  town,  and  therein  is  the 
statement  that  within  a  radius  of  ten  miles  sixty  charcoal-kilns  are 
running,  with  a  capacity  of  4,000  bushels  each  per  month,  and  repre- 
senting a  monthly  distribution  of  $.'50,000.  This  charcoal  is  being  made 
from  wood  belonging  to  the  United  States,  which  receives  therefor  no 
compensation  of  any  sort;  and,  moreover,  the  actual  settler  in  the  vi- 
cinity is  being  deprived  of  the  wood  granted  him  for  his  own  use,  and 
is  being  forced  to  go  miles  for  wood  enough  to  cook  his  food;  and  last,, 
and  worst  of  all,  drought  and  desolation  are  being  invited  in  order  that 
a  few  individuals  may  reap  a  temporary  profit  out  of  the  government. 

HOW  THE  FOREST  MAY  BE  PROTECTED. 

The  few  illustrations  oftered  may  serve  to  give  an  idea  of  the  situa- 
t  ion  along  the  whole  eastern  slope  of  the  Eocky  Mountains,  so  far  as 
occupied  by  miners  or  penetrated  by  railroads  and  railroad-tie  cutters* 
It  is  safe  to  say  that  no  other  government  on  earth,  liberal  or  despotic, 
would  suffer  itself  to  be  thus  despoiled;  and  in  this  country  the  offense 
is  greater  because  it  is  not  the  robbery  of  some  prince,  potentate,  or 
individual,  or  class  of  individuals,  but  of  the  whole  people.  The  evil 
is  glaring  and  evident,  and  the  remedy  should  be  prompt  and  certain. 
It  is  suggested  that  the  most  effectual  is  the  withdrawal  of  all  govern- 
ment timbered  land  from  markety  and  the  sale  of  the  timber  under  gov- 
ernment regulation  in  such  a  manner  as  to  protect  the  forest  from  ex- 
tinction. To  illustrate,  the  forest  lands  might  be  divided  into  districts 
of  reasonable  extent,  each  under  care  of  a  government  inspector,  whose 
duty  it  shall  be  to  supervise  the  forest  growth,  to  bring  tresi^assers  to 
justice,  and  to  see  that  only  such  trees  are  sold  as  can  be  spared  with- 
out detriment,  or  whose  removal  would  be  advantageous,  or  that  no 
trees  below  a  certain  size  shall  be  cut  on  tracts  designated.  It  should 
also  be  made  his  duty  to  exercise  oversight  of  tracts  from  which  the 
merchantable  timber  has  already  been  removed,  to  see  that  the  j^oung 
growth  is  not  injured,  and  esi)ecially  that  it  be  protected  from  fire.  In 
the  beginning, for  what  is  done  should  be  done  at  once,  this  duty  should 
be  performed  by  capable  and  discreet  men,  without  any  personal  or 
]>roperty  interest  in  the  districts  committed  to  their  charge;  men  ac- 
quainted with  the  value  of  timber  and  its  habits  of  growth,  and,  above 
all,  men  of  incorruptible  character. 

GOVERNMENT  FORESTERS. 

To  the  end  that  this  duty,  which  is  to  be  perpetual — for  it  should  be 
understood  that  the  government  forests  are  never  to  be  destroyed — there 
should  be  a  body  of  young,  energetic,  and  x)ractical  men  educated  by 
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the  government,  and  standing  in  the  same  relation  to  it  that  the  gradu- 
ates of  West  Point  and  Annapolis  do,  competent,  faithful,  and  fond  of 
their  work  of  i)reserving  to  the  government  and  people  of  the  United 
States  a  domain  greater  in  value  than  all  its  mines  of  silver  and  gold. 
To  raise  up  this  class,  there  should  be  established  such  a  number  of 
national  schools  of  forestry  as  may  be  found  necessary,  care  being  taken 
that  the  schools  are  distributed  in  the  different  sections  of  the  Union  ac- 
cording to  climatic  division  and  the  character  of  their  natural  forests, 
as,  for  instance,  the  white-pine  regions,  the  southern  pine  and  cypress 
country,  the  regions  where  the  walnut,  maple,  elm,  and  deciduous  trees 
are  the  prevalent  growth,  and  the  high  prairies  and  treeless  plains  and 
mountain  slopes  where,  most  of  all,  the  forester  is  to  find  work. 

SCHOOLS  OF  FORESTRY  AND  EXPERIMENTAL  FARMS. 

Attached  to  each  of  these  schools  there  should  be  an  experimental 
farm,  where  every  tree  known  to  the  United  States  should  be  planted, 
and  in  certain  localities,  as  determined  by  their  natural  dryness  and 
altitude,  the  methods  of  irrigation  as  applied  to  forest  culture  should 
be  thoroughly  teste.d. 

With  these  two  questions  of  reforesting  the  plains — we  use  the  word 
reforesting  because  it  seems  evident  that  forests  once  grew  on  the 
plains — and  also  of  the  possibilities  and  value  of  irrigation  to  be  deter- 
mined, the  suggestion  has  been  made  to  the  writer  that  the  general 
government  should  in  some  manner  establish  a  series  of  experiments, 
or  rather  a  continuous  test,  to  scientifically  settle  the  matter.  Given  a 
treeless  region,  eight  hundred  miles  long  and  three  hundred  wide,  to 
be  reforested,  largely  by  means  of  irrigation,  there  should  be,  in  the 
opinion  of  thousands  of  intelligent  people,  some  point  selected  where  on 
an  extensive  scale  trees  may  be  planted,  the  different  systems  of  irriga- 
tion applied,  and  results  noted,  and  this  through  a  series  of  years.  This 
would  settle,  perhaps,  that  in  some  districts,  generally  embraced  in  the 
arid  region  trees  may  be  grown  without  irrigation.  This  is  the  opinion 
of  Mr.  D.  S.  Grimes,  of  Denver,  a  gentleman  of  vast  experience.  Mr. 
Grimes  believes  that  trees  planted  in  *^dead  furrows"  and  mulched  will 
in  four  years  shade  the  ground  sufficiently  for  their  own  x>rotection. 
This  theory  might  with  others  be  tested  to  the  great  benefit  of  all  con- 
cerned. In  the  Western  country  individual  scientific  interest  combined 
with  munificence  cannot  be  relied  upon  to  establish  and  maintain  such 
an  institution  as  a  school  of  forestry  and  experimental  farms.  The 
land-grant  railroad  companies  may  in  time  plant  forests  to  test  the 
capability  of  their  lands  or  to  raise  trees  for  their  own  use,  but  they 
have  no  interest  in  educating  foresters.  The  States,  with  their  agricul- 
tural colleges,  have  no  sufficient  facilities.  It  seems,  then,  that  the 
general  government  shonld  enter  u[)on  the  work.  The  Government  of 
the  United  States,  acting  for  the  peoi)le,  has  tlie  greatest  interest.  In 
years  past  it  has  expended  millions  in  the  exploration  of  this  vast  domain. 


FORESTRY    OF    THE    MISSISSIPPI    VALLEY.  3.3 

It  has  expended  millions  in  warring  with  the  hostile  savages  who  have 
roamed  over  it.  It  has  a  second  mortgage  on  the  great  railroads  which 
traverse  it.  The  Government  of  the  United  States,  being  the  greatest 
land  holder,  also  has  a  paramount  interest  in  reclaiming  this  empire 
and  converting  it  from  a  wilderness  to  fields,  gardens,  orcliards,  forests, 
and  pastures.  That  the  government  should  actually  <lo  the  work  is  not 
to  be  expected,  but  it  seems  to  be  reasonable  to  expect  that  it  should 
aid  in  doing  it.  Knowledge  is  power;  and  let  the  government  furnish 
the  knowledge.  The  government  owns  the  land ;  it  can  set  apart  any 
amount  of  it  which  may  be  required ;  it  can  place  the  work  in  the  hands 
of  the  best  i>ractical  talent  of  the  country ;  it  can  do  on  a  large  scale 
what  individuals  are  doing  on  a  small  scale.  As  the  government  is  im- 
l>ersonal  and  can  be  accused  of  no  sinister  or  selfish  interest,  the  state- 
ments put  forth  under  the  sanction  of  the  government  officers  and  agents 
will  be  received  as  the  truth.  It  will  be  shown  what  trees  can  and 
what  cannot  be  grown  on  the  plains;  what  are  the  effects  of  copious 
and  limited  irrigation ;  what  is  the  actual  amount  of  water  required  for 
.i;iven  areas;  what  is  the  result  of  irrigation  on  the  same  land  for  a 
series  of  years;  and,  most  important  of  all,  what  is  the  effect  of  plant- 
ing large  bodies  of  trees — actual  forests. 

AMENDMENT  OF  THE  TIMBER  CULTURE  ACT. 

So  far  the  only  legislation  by  Congress  intended  directly  for  the  en- 
couragement of  practical  forestry  is  what  is  known  as  the  timber-cul- 
ture act.  It  has  been  several  times  amended,  and  needs  further  amend- 
ment. It  has  been  so  long  in  existence  that  its  faults  are  well  known, 
and  there  should  be  no  hesitation  in  remedying  the  law,  that  its  original 
purpose  should  be  carried  out  as  far  as  the  intention  of  any  law  is 
attainable. 

The  law  contemplated  that  when  a  quarter  section  was  taken  as  a 
timber  claim,  it  should  be  held  as  such  until  the  terms  of  the  law  had 
been  fully  complied  with,  and  a  certain  number  of  trees  had  been  added 
to  the  forest  area  of.  the  country.  The  intention  of  the  act,  according 
to  the  testimony  of  government  officers  and  other  competent  witnesses, 
has  been  avoided ;  nonresidents  and  speculators  have  taken  claims  un- 
der the  timber-culture  act  merely  for  the  purpose  of  selling  them  to 
persons  who  wished  to  take  them  as  homesteads  or  pre-emptions.  It 
will  be  readily  seen  that  this  is  an  absolute  avoidance.*  It  works  a 
failure  of  the  object  of  the  act.  The  remedy  for  this  seems  to  be  the 
adoi)tion  of  the  principle,  *'  Once  a  timber  claim^  ahcays  a  timber  claim.^^ 
l>y  this  is  meant  that  when  a  filing  has  been  made  under  the  timber- 
culture  act,  the  land  should  be  withdrawn  from  entry  under  either  the 
homestead  or  pre-emption  acts,  so  that  the  title  shall  never  be  perfected 
except  in  compliance  with  the  letter  and  spirit  of  the  timber-culture 
act. 

The  law  is  defective  in  allowmg  trees  to  be  planted  as  far  apart  as 
7465 3 
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twelve  feet.  Young  trees  need  each  other's  support.  Close  planting  is 
the  law  of  nature,  and  nurserymen  are  more  and  more  coming  to  rec- 
ognize it,  west  of  the  Missouri  at  least.  Taking  the  ground  that  the 
object  of  the  law  is  to  have  the  ground  covered  with  live  trees  and  not 
dead  ones,  the  greatest  distance  allowed  between  trees  at  planting 
should  be  four  feet.  If  the  trees  when  growing  become  too  thick  they 
will  be  trimmed  out  by  nature  herself. 

TIMBER  ON  HOMESTEADS. 

The  power  of  the  government  over  public  lands  is  absolute.  It  can, 
in  conveying  them,  impose  any  regulation  not  in  hostility  to  the  "  gen- 
eral plan  of  granting  the  public  domain  to  actual  settlers  under  reason- 
able conditions."  In  addition  to  the  actual  occupancy  for  five  years 
now  required,  the  homesteader  might  with  profit  to  himself  and  advan- 
tage to  the  country  be  required  to  plant  and  maintain  during  the  five 
years  one  acre  in  forest  trees,  or  set  a  row  of  trees  along  the  highway, 
or  both. 

WHAT  STATES  MAY  DO. 

Except  in  Texas,  where  the  State  owns  all  the  public  land,  the  States 
own  nothing  but  the  school  lands  and  lands  granted  for  educational 
purposes.  The  power  of  the  States  over  them  is  absolute,  and  in  their 
sale  the  condition  might  be  imposed  on  the  purchaser  that  a  certain 
portion  of  the  land  shall  be  kept  in  forest.  The  legislatures  of  the  sev- 
eral States  may  take  action  making  it  obligatory  on  school  directors  to 
maintain  trees  on  school-house  grounds,  and  also  making  it  compulsory 
on  land  owners  to  keep  trees  growing  along  the  country  roads. 

DUTY  OF  RAILROAD   COMPANIES. 

The  duty  and  the  interest  of  the  great  land- grant  railroad  corpora- 
tions lie  in  the  direction  of  the  encouragement  of  forestry.  Next  to 
the  general  government,  these  companies  are  the  greatest  land  owners 
on  this  continent.  They  have  received  from  the  government  and  mu- 
nicipalities, from  the  people,  in  short,  an  imperial  gift,  the  source  of  im- 
measurable wealth,  aud  this  has  been  given  them  almost  without  con- 
ditions. It  is  but  just  that  they  should  in  return  do  everything  possible 
toward  the  improvement  of  the  country  their  lines  traverse  j  and  it  is 
also  their  interest  to  do  so,  since  whatever  increases  the  productive- 
ness of  the  country  increases  their  own  business.  These  corporations, 
with  their  great  and  hourly  increasing  wealth,  can  do  what  individuals 
cannot  do,  and  pn  them  devolves  the  inauguration  of  the  plan  of  plant- 
ing great  forests — not  little  experimental  gardens,  not  a  fevv  trees  in 
the  depot  grounds,  but  tracts  such  as  are  found  in  Europe  of  tens  of 
thousands  of  acres.  It  is  estimated  that  every  year  275,000  acres  are 
strip])ed  in  this  country  to  furnish  railroad  ties,  and  the  process  of  resto- 
ration must  keep  pace  with  that  of  destruction,  else  the  time  will  come 
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when  railroad  ties  cannot  be  secured  at  any  figure.  Why  should  not  a 
great  railroad  company,  with  millions  of  acres  at  its  disposal,  raise  its 
own  railroad  ties  1  We  have  spoken  elsewhere  of  the  very  praiseworthy 
experiments  of  the  railroad  companies  in  the  direction  of  tree-planting. 
But  the  exi)erience  of  tens  of  thousands  of  practical  men,  farmers  and  oth- 
ers,  has  shown  that  as  far  as  Minnesota*",  Iowa,  Kansas,  and  Nebraska  are 
concerned,  the  era  pf  experiment  has  passed.  It  is,  for  instance,  as  well 
known  now  as  it  ever  will  be,  that  the  catalpa,  the  black  walnut,  the  osage 
orange  will  thrive,  and  that  they  may  be  profitably  cultivated.  Instead, 
therefore,  of  continuing  the  discussion  of  a  settled  question,  the  rail- 
road corporations  should  set  out  trees  ;  not  by  the  hundreds  of  acres, 
but  by  the  thousands.  This  is  a  case  where  timidity,  conservatism,  and 
niggardliness  mean  loss.  There  are  many  ways,  too,  in  which  railroad 
corporations  may  foster  the  forest  interests,  as  the  distribution  of  forest- 
tree  seedlings,  nuts,  and  seeds.  A  private  firm,  E.  Douglas  &  Son,  of 
Waukegan,  have  sent  out  millions  of  trees  in  packages  by  mail.  A 
great  railroad  company  could  do  this  on  an  even  greater  scale  with 
the  prospect  of  a  sure  return.  In  a  few  years  they  would  not  be  obliged 
to  seek  remote  and  almost  inaccessible  mountains  for  ties,  but  would 
have  them  growing  within  sight  of  their  own  tracks  for  hundreds  of 
miles.  We  do  not  doubt  that  the  facts  here  set  down  will  be  recognized 
as  the  truth  sometime,  but  every  day  of  delay  is  a  day  of  loss.  But 
after  the  national  government  has  done  what  it  may,  after  State  gov- 
ernments have  done  w^hat  lies  in  their  power,  the  question  of  reforesting 
and  of  supplying  with  forest  the  region  now  destitute  depends  upon  the 
people,  and  their  action  depends  on  an  affirmative  answer  to  the  ques- 
tion, "  Does  it  pay  !" 

LET  us  PLANT  FOR   OURSELVES. 

We  have,  in  a  previous  chapter,  demonstrated  that  the  planting  of 
forest  trees  does  pay  ;  but  the  evidence  which  can  be  given  within  the 
limits  of  a  report  like  this  is  but  a  drop  in  the  ocean  of  procurable 
testimony.  From  the  sandy  plains  of  Oape  Cod,  swept  by  the  bitter 
winds  of  ocean,  where  pine  plantations  have  successfully  been  culti- 
vated, to  the  sage-brush  plains  of  Colorado,  the  answer  is  the  same, 
that  trees  as  a  crop  are  profitable,  paying  as  surely  as  corn  or  the  other 
cereals.  Those  who  have  not  made  the  subject  a  study  have  no  con- 
ception of  the  amount  of  printed  matter  that  has  been  and  still  is  con- 
stantly accumulating  on  this  subject;  the  observations  of  individuals, 
the  reports  of  committees,  the  transactions  of  societies,  cover  hundreds 
of  thousands  of  pages,  and  in  them  all  there  is  not  the  evidence  of  a 
single  human  being  to  the  effect  that  he  had  lost  time  or  money  in 
planting  trees.  Much  sentimental  talk  has  been  indulged  in  concern- 
ing our  duty  to  the  next  generation.  We  should  plant  trees,  it  is  said, 
under  which  our  grandchildren  may  repose.  This  is  doubtless  a  fine 
and  ennobling  sentiment,  but  the  average  American  citizen  cares  little 
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for  the  generation  preceding  him,  and  nothing  for  the  generation  to  come; 
he  expects  the  next  generation  to  provide  its  own  shade.  The  question 
he  wishes  to  determine  is  whether  the  trees  he  plants  will  benefit  men 
in  this  generation.^  Curiously,  people  almost  always  overestimate  the 
age  of  trees.  Who  has  not  heard  a  great  elm  or  oak  spoken  of  as  cen- 
turies old  when  it  really  has  grown  within  the  lifetime  of  living  men? 
Trees  are  a  sure  crop,  and,  after  all,  a  quick  crop.  The  homesteader 
who  goes  out  on  the  raw  prairie  knows  that  it  is  five  years  before  his 
farm  can  be  producing  crops  with  anything  like  regularitj'.  His  trees 
are  making  a  return  as  soon  as  his  fields  are.  The  Mennonite  settlers 
in  Kansas,  of  whose  success  we  have  spoken,  in  seven  years,  at  the  far- 
thest, from  the  time  they  turned  the  first  sod,  are  literally  sitting  in 
the  shade  of  the  trees  they  planted;  are  raising  their  own  firewood, 
and  eating  the  fruit  of  their  own  mulberry  trees.  What  these  settlers 
from  Russia,  strangers  to  our  climate  and  soil,  can  do,  others  can  do. 
It  must  be  remembered,  too,  that  the  objectors  have  had  their  day; 
every  argument  which  can  be  used  against  the  cultivation  of  forest 
trees  has  been  used  in  the  prairie  States  west  of  the  Mississii)pi  against 
the  cultivation  of  fruit  trees.  For  example,  men  accustomed  to  hillside 
orchards  in  the  old  States  have  demonstrated  to  their  own  satisfaction 
that  apples  would  not  grow  in  Kansas ;  but  wagons  full  of  round  and 
rosy  evidences  to  the  contrary  may  be  seen  standing  in  the  streets  of 
every  Kansas  market  town.  The  number  of  those  who  till  the  soil,  be 
it  a  bit  of  garden  ground  or  acres  by  the  hundred,  who  believe  in  the 
profitableness  of  trees,  is  constantly  increasing.  In  front  of  the  humblest 
cottage  in  town  you  see  the  three  or  four  maples  or  elms  covering  the 
front  of  the  lot;  and  out  on  the  wide  prairies,  as  far  as  settlement  has 
extended,  the  group  of  planted  trees  marks  the  outpost  of  the  picket 
guard  of  civilization.  It  is  with  the  hope  of  contributing  in  some  way 
to  this  useful  and  beautiful  pursuit,  which  is  to  shelter  the  bare  and 
blistered  earth;  which  is  to  catch  and  hold  the  rain  and  the  dew;  which 
is  to  sheiter  the  home  and  its  occupants  ffom  summer's  heat  and  win- 
ter's cold;  which  is  to  bring  fuel  and  comfort  to  the  housewife;  and 
which  is  to  increase  b}'  millions  the  well-earned  wealth  of  a  nation,  that 
this  brief  report  is  submitted  to  reading  and  thinking  people. 
Respectfully  submitted. 

F.  P.  BAKER. 


TREE  PLANTING  AND  GIIOWING  ON  THE  PLAINS. 


Hon.  Geo.  B.  Loring, 

Commissioner  of  Agriculture: 

Sir:  This  paper  is  intended  only  as  a  brief  presentation  of  experiences 
and  results  concerning  tree  culture  and  tree  growing  onthe  western 
])lains,  made  by  and  coming  under  immediate  observ^ation  of  the  writer 
during  a  residence  of  twenty-seven  years  west  of  the  Missouri  lliver,  in 
the  Territory  and  State  of  Nebraska,  the  principal  object  being  to  show 
what  lias  been  done  practically,  is  being  and  may  be  done,  converting  a 
naturally  tiraberless  i)ortion  of  country  into  a  tree-growing  region. 
Taking  the  geography  of  boyhood  days,  together  with  official  reports  of 
Captain  Miles,  United  States  Army,  and  the  western  explorer.  Colonel 
Fremont,  relating  to  that  portion  of  the  national  domain  situate  between 
the  Missouri  Eiver  and  Kocky  Mountains,  as  a  basis  for  conclusions, 
there  was  at  date  of  extinguishment  of  Indian  title  to  these  lands  in 
1854  nothing  enticing  to  enterprising  adventurers  seeking  new  homes  in 
the  far  West,  especially  in  matters  of  tree-growing.  The  thought  that 
the  then  naked  plains  would  ever  be  transformed  into  groves  of  valu- 
able timber  was  not  entertained.  Those  who  first  came,  during  the 
years  1854-'55-'56,  soon  discovered,  however,  that,  particularly  along 
the  borders  of  streams  and  where  prairie  fires  were  kept  out,  there  was  ' 
promising  spontaneous  indigenous  growth  of  valuable  varieties  of  timber 
— oaks,  black  walnut,  hickories,  elms,  ashes,  red  mulberry,  honey  locust, 
hackberry,  linden,  soft  miple,  sycamore,  Kentucky  coffee  tree,  red 
cedar,  cotton  woods,  willows,  and  others.  Still  later  it  was  found  by 
exi)eriment  that  native  seedlings  transplanted  into  carefully  prepared 
soil  did  well  on  high  uplands — out  on  the  open  prairie  not  only  did 
well,  but  grew  with  remarkable  vigor  and  rapidity,  showing  character- 
istics of  excellence  in  quality.  To  those  of  indigenous  growth  were 
added  in  time  varieties  of  foreign  origin — hard  or  sugar  maple,  Ameri- 
can chestnut,  white  walnut,  poplar,  beech,  birch,  black  locust,  larch, 
pines,  catalpa,  black  cherry,  and  others.  While  success  followed  efforts 
in  this  direction,  only  the  most  sanguine  adventurous  experimenters  had 
faith  in  ultimate  practical  results.  In  time,  through  an  act  of  the 
Territorial  legislature,  creating  a  board  of  agriculture,  the  labors  of 
the  board  organized  under  its  provisions,  and  afterwards  liberal  legis- 
lative appropriations,  keeping  out  annual  fires,  and  other  aids  and  pre- 
cautions, tree-growing  in  Nebraska  is  universally  conceded  a  success. 
There  is  now  no  hesitancy  or  risk  in  predicting  in  the  near  future  that 
it  will  be  known  and  characterized  as  a  timber-producing  region  of 
country. 
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EXTENT  OF  TREE  PLANTING  AND   GROWING. 

But  little  tree-planting  was  done  in  Nebraska,  and  by  reason  of  an- 
nual fires  sweeping  very  generally  oyer  the  country  spontaneous 
growth  was  exceedingly  meager,  for  at  least  ten  years  after  organiza- 
tion of  the  Territory,  and  first  efforts  by  settlers  to  improve  and  develop. 
To  cover  all  the  ground  and  afford  a  more  satisfactory  presentation  of 
the  subject-matter  under  consideration,  commencement  is  made  with 
date  of  passage  of  Kansas-Kebraska  act,  1854.  From  that  time  up  to 
and  including  the  year  1882,  covering  a  period  of  twenty-eight  years, 
official  statistics,  with  some  reliable  estimates  to  cover  dates  not  thus 
provided,  it  is  found  there  has  been  j^lanted  within  the  borders  of  what 
is  now  the  State  of  Nebraska  244,356  acres  of  forest  trees.  This  in- 
cludes seedlings,  seeds,  and  cuttings  planted  in  permanent  forests, 
groves,  and  along  highways  and  streets  in  cities  and  villages.  Spon- 
taneous indigenous  growth,  since  tires  have  been  kept  from  borders  of 
streams  and  ravines,  is  estimated  equal  to  half  the  area  planted. 

Personal  observation  would  warrant  a  larger  proportion.  Not  a  few 
informants  contend  for  an  equal  extent;  some  higher,  even  to  double. 
James  T.  Allan,  Omaha,  ex-secretary  American  Forestry  Association, 
now  in  employ  of  the  Union  Pacific  Kailroad  Company,  traveling  exten- 
sively over  the  State,  responding  to  inquiries  on  this  particular  point, 
writes:  *'I  have  watched  the  spontaneous  growth  of  young  elms,  wal- 
nuts, oaks,  ash,  hickories,  &c.,  along  the  Missouri,  Wood,  and  other 
rivers  in  the  West,  since  fires  have  been  kept  back,  and  seen  their 
growth  among  the  hazel  brush,  which  is  the  fringe  on  the  border  of 
native  timber,  dividing  it  from  the  prairie.  I  hardly  think  I  am  out  of 
the  way  in  setting  it  at  double  the  amount  of  timber  planted." 

A  majority,  however,  in  various  parts  of  the  State,  place  the  estimate 
as  stated — at  one-half. 

It  is  safe  to  say  a  majority  of  planting  is  made,  originally,  four  feet 
by  four,  with  view  to  cutting  out  first  one-half,  as  growth  demands 
space,  and  eventually  another  half  of  that  remaining — three-fourths  in 
all.  Some  plant  six  by  six,  others  eight  by  eight.  Planted  four  by 
four  we  have  2,622  trees  to  the  acre,  or  a  total  of  640,701,432 ;  eight 
by  eight,  682  to  the  acre,  or  a  total  of  166,680,792.  Average  the  totals, 
and  there  is  shown  403,676,112.  Add  to  the  average  the  spontaneous 
estimate,  one-half,  and  the  grand  total  is,  planted  and  grown  in  28  years, 
605,514,168  trees. 

The  number  of  trees  per  acre,  spontaneous  growth,  will  more  than 
equal  one  half  the  acreage  ])lHnted.  It  is  estimated  one-fourth  of  the 
trees,  seeds,  and  cuttings  planted  did  not  grow,  and  ^therefore  not  now 
occui)ying  the  ground.  Sj)ontaneou8  growth,  except  where  the  weak 
have  been  crowded  out  by  the  strong,  and  such  as  may  have  been 
destroye*!  by  occasional  fires,  it  may  be  said  all  are  growing. 
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DEMONSTRATED  USEFUL   AND   VALUABLE  VARIETIES. 

It  lias  been  practically  demonstrated  that  the  following  valuable  varie- 
ties of  forest  timber  can  be  successfully  and  satisfactorily  grown — both 
planted  and  of  spontaneous  growth.  Only  the  most  valuable  are  named 
in  this  list.    Those  designated  with  a  *  are  indigenous. 

Ash: 

Fraximus  Americana* 
viridis.* 
quadrangulata.* 
pubescens.* 
platycarpa* 

samhucifolia,* 
Oak: 

Quercus  alba.* 

obtusiloba* 

macrocarjM.* 

prmiis.* 

tinetoria.* 

rubra.* 

nigra.* 

Chinquapin  oak — prinoides — of  shrub  character,  grows  in  abundance, 
particularly  on  the  bluff  lands  adjacent  to  the  Missouri  River,  and  in 
places  in  profusion  on  prairie  lands,  many  acres  in  a  body.  It  is  a  pro- 
fuse bearer;  nuts  equal  almost  to  chestnuts.  In  early  days  it  was  con- 
sidered a  ^'Munchausen"  story  when  old  settlers  talked  of  hogs  eating 
acorns  from  trees.  The  small  growth,  often  not  over  a  foot  high,  was 
loaded  with  nuts,  and  therefore  easily  eaten  off  by  swine.  Deer  and  an- 
telope fatted  on  them. 

Black  walnut: 

Juglans  nigra.* 
White  walnut: 

Juglans  cinerea. 
Hickory :  ^ 

Gary  a  alba.* 

sulcuta.* 
tomentosa.* 


porcina 
amara,^ 


# 


Elm 


Ulmus  Americana.* 

fulva.* 
racemosa.* 
alata.* 
Hackberry : 

Celtis  occldentalis.* 
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Honey  locust: 

Oleditschia  triacanthus.* 
monosperma.* 
Kentucky  coffee  tree: 

QymnodaduH  canadensis.* 
Linden : 

Tilia  Americana,* 
Sycamore: 

Acer  pseudoplatantLS.* 
Black  locust: 

Rohinia  pseudacacia. 
Soft  maple : 

Acer  dasycarpum,* 
Sugar  maple: 

Acer  saccharinum. 

Sugar  maple  grown  thus  far  little  else  than  for  ornamental  purposes — 
lawns  and  street  trees.  There  is  no  reason  why  it  may  not  be  grown 
successfully  for  forest  purposes,  as  it  thrives  well  when  introduced  and 
planted. 

Poplar: 

Liriodendron  tulipifera. 
Wild  black  cherry: 

Prunus  serotina. 
AVild  red  cherry : 

Prunus  Pennsylvanica.* 
Catalpa,  hardy: 

Catalpa  speciosa, 
Cottonwood : 

Populus  monilifera* 

heteropliylla,* 
Willow: 

8alix  purpurea.* 

cor  data.* 

longi/olia.* 

nigra.* 

Valuable  characteristics  are  noted  of  a  willow  growing  spontaneous 
along  the  Missouri  Uiver  from  the  mouth  of  the  Big  Nemaha,  south,  to 
the  Yellowstone,  north,  familiarly  known  as  ''Diamond  willow."  Pro- 
fessor Sargent  names  it  Salix  cordata,  var.  vestita.  Experience  demon- 
stratca  it  as  durable  for  underground  uses— posts— as  red  cedar. 

Box-elder: 

Negundo  aceroides.* 
CtieHtnut 

Castanea  Americana. 
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Pine: 

Pinus  sylvestris. 
Austriaca, 
strohus. 
Red  cedar : 

Jiin iperus  Virginiana. 
Laic 

Larix  Europwa. 
Americana. 
Mulberry: 

Morus  rubra,* 
alba, 
.  moretti. 

Many  varieties  of  less  value  than  the  foregoing,  embraced  in  a  com- 
plete sylva  of  the  State,  are  here  omitted  as  not  of  practical  value  for 
forest  purposes. 

OROWTH   OF   TREES. 

The  following  actual  measurement  of  tree  growths,  of  known  ages, 
are  made,  showing  circumference  in  inches  two  feet  above  ground  : 


ISTames  of  trees. 


Tears 
old. 


Inches. 


White  elm  (p) 

lied  elm  (») 

Catalpa  (p) 

Soft  maple  (s) • 

Soft  maple  (p) 

Sycanioie  (p) , 

Pig  liickory(») -. 

Shaffbark  hickory  (s)  — 

Cottonwood  (s) 

Cottonwood  ip) 

Chestnut  (2^) 

Box  elder  («) 

Box  elder  (p) 

Honey  locust  (s) 

Honey  locust  (p) 

Kentucky  coffee  tree  (s) 

Burr  oak  (s) 

AVhite  oak  (s) 

Red  oak  (a-) 

Black  oak  (.9) 

AVhite  ash  (s) 

Green  ash  (s) 

Black  walnut  (s) 

Black  walnut  (p) 

White  walnut  {p) 

Osajie  orange  (p) 

Larch  (p)  

White  pine  (p) 

Scotch  pine  (p) 

Austrian  pine  (p) 

Rtd(;odar(;j)   

White  cedar  (p) 

Mulberry  (p) 

Mulberry  (s) 

Linden  (s) 

Pojdar  (p) 

Black  locust  (p) 

lied  willow  (p)  

Gray  willow  (p) 


15 

24 
20  I 
18  I 
18  I 
16  ' 
24  i 
24 
23  i 
23 
14  I 
14  I 
14 
22 
22 
14 
22 
22 
22 
22 
22 
22 
22 
22 
22 
25 
10 
20 
15 
15 
15 
15 
18 
18 
14 
4 
24 
20 
15 


241 

36 

48i 

541 

69J 

43* 

37i 

30 

78i 

93 

24i 

40i 

4U 
25i 
36^ 
29^ 

32i 

30 

48 

50J 

49i 

264 

24 

364 

23 

22i 

26i 

22 

43 

35 

12 

60^ 

58 

26i 


s,  spontaneous  growth,    p,  planted  growth. 


42  FORESTRY    OF    THE    MISSISSIPPI    VALLEY. 

ORDER  OF   VALUE. 

The  order  of  ultimate  value,  deciduous  varieties,  while  there  may  be 
dittV^rence  of  individual  opinion,  it  is  sate  to  arrange:  white,  burr,  and 
chestnut  oaks;  black  and  white  walnut;  white,  green,  and  blue  ash; 
black  cherry,  catalpa,  black  locust,  honey  locust,  Kentucky  coifee  tree, 
elms,  hickories,  larch,  soft  maple,  hackberry,  mulberry,  cottonwoods, 
willows,  box  elder. 

For  present  or  near  value,  cottonwoods — especially  the  yellow — are 
almost  universally  conceded  preferable.  There  are,  as  shown,  two 
varieties,  yellow  and  white — monUifera  and  heterophylla.  The  yellow 
makes  excellent  lumber,  particularly  for  inside  uses,  not  exposed  to 
weather.  For  shingles,  only  pine,  cedar,  or  walnut  are  superior.  Both 
make  good  fuel,  after  reasonable  drying  or  seasoning.  Old  steamboat 
and  mill  men  prefer  half-seasoned  cottonwood  to  any  other  obtainable 
in  this  region,  claiming  they  get  more  steam  from  it;  also  much  used  in 
burning  brick.     No  other  wood  holds  nails  so  well. 

lied  cedar,  white,  Scotch,  and  Austrian  pines  stand  in  order  of  value 
as  evergreens,  and  are  usually  so  planted. 

ORDER   OF   PLANTING. 

The  order  of  tree-planting,  numerically  speaking,  of  deciduous  varie- 
ties is,  as  near  as  may  be,  cottonwoods,  box  elder,  soft  maple,  elms, 
ashes,  black  walnut,  honey  locust,  catalpa,  oaks,  hickories,  Kentucky 
coff'ee  tree,  bla<jk  locust,  larch,  sycamore,  hackberry,  mulberry,  black 
cherry,  and  willows.  Two-thirds  of  the  whole  are  cottonwoods,  from 
the  facts  they  are  more  easily  obtained,  cost  less,  are  of  more  rapid  and 
certain  growth,  and  from  which  realizations  are  more  speedily  and  cer- 
tainly secured,  and,  in  addition,  succeed  almost  anywhere  planted. 

SPONTANEOUS  GROWTHS  RANGE  IN  ORDER  OF  VALUE. 

Oaks:  red  and  black,  perhaps,  predominating;  hickories:  more  shag- 
bark  than  others.  Black  walnut,  elms,  linden,  white  ash,  mulberry,  and 
hackberry  on  higher  lands;  on  bottoms,  cottonwoods,  box  elder,  wil- 
lows, sycamore,  soft  maples,  green  and  water  ash, 

PBICE   OF  FOREST-TREE   SEEDLINGS. 

Prices  of  forest-tree  seedlings  are  such  as  to  place  them  within  reach 
of  the  very  jmorest;  in  fact,  as  the  great  bulk  planted  are  of  sponta- 
ueouH  origin,  they  are  to  be  had  for  mere  gathering  in  regions  where 
found.  When  traflicked  in,  prices  range,  owing  to  variety  and  size,  from 
six  inches  to  four  feet,  all  along  from  tifty  cents  to  three  dollars  per 
thousand;  nursery -grown  phmts  ur.uU^  lii-ilier.  Many  millions  are  now 
planted  annually. 
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ENCOURAGING  ENACTMENTS  AND  PROVISIONS. 

The  Nebraska  State  constitution  provides  that  "the  increased  value 
of  lands  by  reason  of  live  fences,  fruit  and  forest  trees  grown  and  cul- 
tivated thereon  shall  not  be  taken  into  consideration  in  the  assessment 
thereof."  A  State  law  "exempts  from  taxation  for  five  years  $100  valu- 
ation for  each  acre  of  fruit  trees  planted,  and  $50  for  each  acre  of  forest 
trees j"  also  makes  it  obligatory  that  "the  corporate  authorities  of  cities 
and  villages  in  the  State  shall  cause  shade  trees  to  be  planted  along  the 
streets  thereof." 

Further:  "Any  person  who  shall  injure  or  destroj^  the  shade  tree  or 
trees  of  another,  or  permit  his  or  her  animals  to  do  the  same,  shall  be 
liable  to  a  fine  of  not  less  than  $5  nor  more  than  $50  for  each  tree  in- 
jured or  destroyed." 

To  encourage  growing  live  fences  the  law  permits  planting  "precisely 
on  the  line  of  the  road  or  highway,  and  for  its  protection  to  occupy,  for 
a  term  of  seven  years,  six  feet  of  the  road  or  highway  " 

ARBOR  DAY. 

This  day  originated  in  Nebraska  through  action  of  the  State  Board  of 
Agriculture.  It  is  a  day  designated  by  the  board  during  planting  sea- 
son, each  spring,  usually  about  the  middle  of  April.  The  board  annu- 
ally award  liberal  premiums  for  the  greatest  number  of  trees,  cuttings, 
and  seeds  permanently  planted  on  that  day.  The  governor  annually, 
by  proclamation,  recognizes  the  day  for  purposes  indicated,  tirging  the 
peoi)le  to  devote  it  exclusively  to  tree-planting.  It  is  very  generally 
observed,  and  millions  of  trees  planted  that  day. 

MODES  OF  PLANTING  AND  TREATMENT. 

The  usual  distances  apart  are  by  multiples  4,  8,  12,  16,  &c.,  that  in- 
termediate ground  may  be  utilized  by  being  cultivated  in  other  crops 
until  trees  are  of  sufficient  size  to  protect  themselves,  when,  in  farm 
parlance,  they  are  permitted  to  "take  the  ground." 

Most  experimenters  at  first  planted  tree  seeds  where  they  were  to  re 
main  permanently.  Experience  has  shown  this  a  mistake,  for  numerous 
reasons.  Principally,  by  this  mode,  uneven  stand,  growth,  grade,  size, 
and  vigor  are  to  contend  with.  By  planting  seeds  first  in  beds,  and, 
say  at  one  j^ear's  growth,  assorting,  grading,  and  transplanting  perma- 
nently each  grade  to  itself,  better  results  are  secured.  The  same  grades 
as  to  size  and  vigor  do  better  together;  grow  more  evenly;  the  weak 
are  not  crowded  out  or  overshadowed  by  the  stronger — a  practical  illus- 
tration of  the  "survival  of  the  fittest." 

By  this  plan  small  plants,  if  healthy,  do  about  as  well  in  the  end  as 
the  large.  No  variety  is  known  that  cannot  be  safely  transplanted  at 
one  year  old.  Even  varieties  of  tap-root  characteristics — oaks,  walnuts, 
hickories,  and  chestnuts — are  really  better,  I  am  convinced,  for  tap-root 
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pruning.  By  it  laterals,  or  fibrous,  feeding  roots  are  induced ;  or,  if  larger 
sizes  are  desired  before  transplanting,  root  pruning,  by  running  a  tree- 
digger  under  rows  and  allowing  them  to  remain  a  year  or  two  longer,  good 
results  are  obtained.  As  a  rule,  however,  better  success  is  had  by  trans- 
planting young  trees  when,  as  near  as  possible,  all  roots  are  preserved. 
Small  trees  cost  less  to  purchase,  transport,  handle,  and  transplant. 
Alternating,  especially  certain  varieties,  has  not  given  satisfaction. 
Trees  in  some  respects  are  not  unlike  mankind — will  not  fraternize. 
For  instance,  oaks,  walnuts,  and  hickories  will  not  fraternize  with 
maple,  cottonwoods,  and  elms.  When  planted  near  each  other,  the 
latter  will  invariably  lean  away  from  the  former,  assuming  crQoked, 
gnarly  appearance,  and  in  the  end  virtually  die  out. 

INCIDENTAL  ILLS. 

Thus  far  few  ills  have  attended  timber  culture  in  this  StJ^  te.  The  great 
losses  or  failures  have  been  from  careless  handling,  planting,  and  after 
neglect.  Black  locust  was  planted  extensively  in  earlier  days,  but,  be- 
ing so  badly  affected  by  borers,  its  cultivation,  until  of  late,  was  almost 
entirely  abandoned.  The  pest  which  almost  universally  destroyed  it  in 
the  beginning,  suddenly  and  without  known  cause  disappeared,  and 
that  valuable  variety  of  timber  is  again  receiving  merited  attention. 
In  certain  portions  of  the  State,  during  one  or  two  years,  a  large  green 
worm,  name  not  known,  defoliated  most  soft  maples,  for  a  time  check- 
ing their  growth.  In  a  few  instances  the  same  borer  attacking  black 
locust,  to  a  limited  extent  injured  soft  maple  and  cottonwoods.  They 
being  of  such  rampant  growth,  injury  was  not  material.  Trees  attacked 
were  principally  those  used  for  ornamental  purposes — those  on  streets  in 
cities  and  villages. 

Where  ground  has  been  well  and  deeply  i^repared,  good  healthy 
plants  used,  care  exercised  in  handling  and  planting,  followed  by  at- 
tention and  proper  cultivation  until  able  to  care  for  themselves,  there 
has  been  no  good  cause  for  complaint. 

IMPORTANCE  OF  SPONTANEOUS  GROWTH. 

Too  much  importance  cannot  attach  to  spontaneous  timber  growing. 
Nature,  in  this  respect,  is  both  accom"modating  and  bounteous  in  her 
provisions.  Waste  places,  as  a  rule,  are  utilized.  Lands  which,  if  at 
all  adaj)ted  to  other  uses,  could  only  be  prepared  at  extra  expense,  are 
those  nature  occupies  and  renders  of  value.  This  growth  comes  of  its 
own  accord,  so  to  8peak,*without  preparation  or  labor  by  man,  other 
than  to  guard  against  fires,  along  broken  and  often  precipitous  bluft's  and 
ravines,  in  nooks  and  corners  of  tortuous  and  meandering  streams  in. 
cident  to  prairie  regions.  A*  belief  is  freely  expressed  that  greater 
l)roportionate  successful  tree-growing,  and  at  comparatively  no  expense, 
has  been  done  by  nature  than  by  planting.     As  stated  before,  by  a  far 
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greater  proportion  of  sueli  planting  and  growing  stands  and  succeeds 
than  that  of  artificial  processes.  Losses  are  rare,  and  only  from  oc- 
casional invading  fires,  and,  where  too  thick  on  the  ground,  the  stronger 
kill  out  the  weaker — no  loss  in  fact — simply  adjusting  or  equalizing. 
Personal  knowledge  is  had  of  many  instances  where  lands,  twenty  and 
twenty  five  years  ago,  considered  worthless,  are  now  valued  at  from 
twenty  to  one  hundred  dollars  per  acre  solely  for  the  timber  naturally 
grown. 

EGBERT  AV.  FURNAS. 
Brownyille,  Nebr.,  December  1,  1882. 


€) 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 


FORESTRY  FOR  FARMERS 


BY 


B.  E.  FERNOW, 

Chief  of  the  Division  of  Forestry. 


[Reprinted  from  the  Yearbook  of  the  U.  S.  Department  of  Agriculture  for  1894.] 


WASHINGTON: 

GOVERNMENT    PRINTING    OFFICE. 


c  ()  N  T  E  :n  t  s 


Page. 

1  low  trees  grow - 461 

Food  materials  aud  conditious  of  growth 461 

Soil  couditions 462 

Light  conditions 464 

Physiology  of  tree  growth 467 

' '  Sap  np  and  sap  down  " 468 

Progress  of  development 469 

Growth  in  length  and  ramitication 469 

Growth  in  thickness 472 

Form  development 475 

Rate  of  growth - 477 

Keprodnction 479 

1  low  to  plant  a  forest 480 

What  trees  to  jdant 481 

Methods  of  planting 484 

How  to  treat  the  wood  lot 486 

Improvement  cuttings 487 

Methods  of  reproducing  the  wood  crop 489 

Size  of  openings 492 

Wind  mantle 492 

Coppice 493 

Plan  of  management 495 

How  to  cultivate  the  wood  crop 415 

Effect  of  light  on  wood  production 496 

Number  of  trees  per  acre 496 

Weeding  and  cleaning  the  crop 498 

Methods  of  thinning 498 

What  trees  to  remove 499 

iir 


i 


I  T.  L  IJ  S  T  R  A  T  I  O  K  S 


Page. 
Fig.  116.  Physiological  importance  of  different  parts  of  the  tree;  pathways  of 

water  and  food  materials , 468 

Bud  development  of  beech 470 

Buds  of  maple 470 

Dormant  bud  on  a  12-year-old  branch  of  beech 471 

Section  through  a  12-year-old  stem  of  beech,  showing  manner  of 

bud  and  limb  formation 471 

Section  through  a  partly  decayed  knot  in  oak  wood 472 

Development  in  and  out  of  the  forest 473 

Trees  in  and  out  of  the  forest 474 

Section  of  logs  showing  the  relative  development  of  knots 475 

Scheme  to  illustrate  the  annual  growth 476 

Oak  tree  grown  in  the  open 477 

Maple  tree  grown  in  the  forest 477 

Showing  plan  of  group  system  in  regenerating  a  forest  crop 490 

Appearance  of  regeneration  by  group  method 493 

Method  of  layering  to  produce  new  stocks  in  coppice  wood 495 

T 


Fig. 

118. 

Fig. 

119. 

Fig. 

120. 

Fig. 

121. 

Fig. 

122. 

Fig. 

123. 

Fig. 

124 

Fig. 

125. 

Fig. 

126. 

Fig. 

127. 

Fig. 

128 

Fig. 

129. 

Fig. 

130. 

FORESTRY  FOR  FARMERS. 

By  B.  E.  Fernow, 
Chief  of  the  Division  of  Forestry,  U.  S.  Department  of  Agriculture. 

The  following  four  chapters  have  been  written  with  the  view  of  aiding 
farmers  who  own  small  timber  tracts  or  wood  lots,  or  who  wish  to  plant 
some  part  of  their  land  to  forest.  This  country  varies  so  greatly  in 
soil,  climate,  and  flora  that  it  is  only  possible,  within  the  limits  assigned 
for  the  present  discussion,  to  outline  general  principles  everywhere 
applicable.  Nevertheless,  wherever  suggestions  have  approximated 
the  laying  down  of  rules  of  practice,  the  writer  has  had  mainly  in  mind 
the  conditions  prevalent  in  our  northeastern  States.  Moreover,  for  the 
reason  already  referred  to,  limitation  of  space,  it  has  not  been  possible 
to  give  more  than  a  comprehensive  view,  without  much  detail. 

The  succeeding  chapters  should  be  read  connectedly,  as  they  are 
more  or  less  interdependent.  The  first  treats  of  the  behavior  of  a 
forest  plant;  the  second,  of  the  ijrinciples  which  should  guide  the 
planter  in  setting  a  crop;  the  third,  of  the  manner  in  which  a  natural 
forest  crop  should  be  produced;  and  the  fourth  chapter  points  out  how 
the  crop  should  be  managed  afterwards  in  order  to  secure  the  best 
results  in  quantity  and  quality  of  material. 

1.  HOW   TREES    GROW. 

Trees,  like  most  other  plants,  originate  from  seed,  build  up  a  body  of 
cell  tissues,  form  foliage,  flower,  and  fruit,  and  take  up  food  material 
from  the  soil  and  air,  which  they  convert  into  cellulose  and  other  com- 
pounds, from  which  all  their  parts  are  formed.  They  rely,  like  other 
plants,  ux)on  moisture,  heat,  and  light  as  the  means  of  performing  the 
functions  of  growth.  Yet  there  are  some  peculiarities  in  their  behav- 
ior, their  life  and  growth,  which  require  special  attention  on  the  part  of 
a  tree  grow  er  or  forest  planter,  and  these  we  shall  briefly  discuss. 

FOOD   MATERIALS   AND   CONDITIONS   OF   GROWTH. 

Trees  derive  their  food  and  solid  substance  in  i)art  from  the  air  and 
in  part  from  the  soil.  The  solid  part  of  their  bodies  is  made  up  of 
celkilose,  which  consists  largely  of  carbon  (44  per  cent  of  its  weight), 
with  hydrogen  and  oxygen  added  in  almost  the  same  proportions  as  in 
water.    The  carbon  is  derived  from  the  carbonic  acid  of  the  air,  which 
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enters  iuto  the  leaves  and,  under  the  influence  of  light,  air,  and  water, 
is  there  decomposed ;  the  oxygen  is  exhaled ;  the  carbon  is  retained  and 
combined  with  elements  derived  from  the  water,  forming  compounds, 
such  as  starch,  sugar,  etc.,  which  are  used  as  food  materials,  passing 
down  the  tree  through  its  outer  layers  to  the  very  tips  of  the  roots, 
making  new  wood  all  along  the  branches,  trunk,  and  roots. 

This  process  of  food  preparation,  called  **  assimilation,"  can  be  car- 
ried on  only  in  the  green  parts,  and  in  these  only  when  exposed  to  light 
and  air;  hence  foliage,  air,  and  light  at  the  top  are  essential  prerequi- 
sites for  tree  growth,  and  hence,  other  conditions  being  favorable,  the 
more  foliage  and  the  better  developed  it  is,  and  the  more  light  this 
foliage  has  at  its  disposal  for  its  work,  the  more  vigorously  will  the 
tree  grow. 

In  general,  therefore,  pruning,  since  it  reduces  the  amount  of  foliage, 
reduces  also,  for  the  time,  the  amount  of  wood  formed;  and  just  so 
shading,  reducing  the  activity  of  foliage,  reduces  the  growth  of  wood. 

SOIL   CONDITIONS. 

From  the  soil  trees  take  mainly  water,  which  enters  through  the 
roots  and  is  carried  through  the  younger  part  of  the  tree  to  the  leaves, 
to  be  used  in  part  on  its  i^assage  for  food  and  wood  formation  and  in 
part  to  be  given  up  to  the  air  by  transinration. 

In  a  vigorously  growing  tree  the  solid  wood  substance  itself  will  con- 
tain half  its  weight  in  the  form  of  water  chemically  combined,  and  the 
tree,  in  addition,  will  contain  from  40  to  65  per  cent  and  more  of  its  dry 
weight  in  water  mechanically  or  ^^hygroscopically"  held.  This  last, 
when  the  tree  is  cut,  very  largely  evaporates;  yet  well-seasoned  wood 
still  contains  10  to  12  per  cent  of  such  water.  The  weight  of  a  green 
tree,  a  pine,  for  instance,  is  made  up,  in  round  numbers,  of  about  30  per 
cent  of  carbon  and  70  per  cent  of*  water,  either  chemically  or  hygroscop- 
ically  held,  while  a  birch  contains  a  still  larger  percentage  of  water. 

The  largest  part  of  the  water  which  passes  through  the  tree  is  tran- 
spired— i.  e.,  given  ofl'  to  the  air  in  vapor.  The  amounts  thus  transpired 
during  the  season  vary  greatly  with  the  species  of  tree,  its  age,  the 
amount  of  foliage  at  work,  the  amount  of  light  at  its  disposal,  the  cli- 
matic conditions  (rain,  temperature,  winds,  relative  humidity),  and  the 
season.  These  amounts  are,  however,  very  large  when  compared  with 
the  quantity  retained;  so  that  while  an  acre  of  forest  may  store  in  its 
trees,  say,  1,000  pounds  of  carbon,  15  to  20  i>ounds  of  mineral  sub- 
stances, and  5,000  pounds  of  water  in  a  year,  it  will  have  transpired — 
taken  uj)  from  the  soil  and  returned  to  the  air — from  500,000  to  1,500,000 
I)Ounds  of  water  (onecpiarter  to  one-half  as  much  as  agricultural  crops). 

Mineral  substances  are  taken  up  only  in  very  small  <iuantities,  and 
these  are  mostly  the  commoner  sorts,  such  as  lime,  potash,  magnesia, 
and  nitrogen.  These  are  carried  in  solution  to  the  leaves,  where  they 
are  used  (as  perhax)s  also  ou  their  passage  through  the  tree),  with  a 
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part  of  the  water,  in  food  preparation.  The  main  part  of  the  mineral 
substances  taken  up  remains,  however,  as  the  water  transpires,  in  the 
leaves  and  young  twigs,  and  is  returned  to  the  soil  when  the  leaves 
are  shed  or  when  the  tree  is  cut  and  the  brush  left  to  decompose  and 
make  humus. 

Hence  the  improvement  of  the  fertility  of  the  soil  by  wood  crops  is 
explained,  the  minerals  being  returned  in  more  soluble  form  to  the  soil; 
as  also  the  fact  that  wood  crops  do  not  exhaust  the  soil  of  its  minerals, 
provided  the  leaves  and  litter  are  allowed  to  remain  on  the  ground. 

For  this  reason  there  is  no  necessity  of  alternating  wood  crops,  as 
far  as  their  mineral  needs^  are  concerned;  the  same  kind  of  trees  can  be 
grown  on  the  same  soil  continuously,  provided  the  soil  is  not  allowed 
to  deteriorate  from  other  causes. 

As  the  foliage  can  perform  its  work  of  food  assimilation  only  when 
sufficient  water  is  at  its  disposal,  the  amount  of  growth  is  also  dependent 
not  only  on  the  presence  of  sufficient  sources  of  supply,  but  also  on  the 
opportunity  had  by  the  roots  to  utilize  the  supply,  and  this  opportunity 
is  dependent  upon  the  condition  of  the  soil.  If  the  soil  is  compact,  so 
that  the  rain  water  can  not  penetrate  readily,  and  runs  off  superficially, 
or  if  it  is  of  coarse  grain  and  so  deep  that  the  water  rapidly  sinks  out 
of  reach  of  the  roots  and  can  not  be  drawn  up  by  capillary  action,  the 
water  supply  is  of  no  avail  to  the  plants;  but  if  the  soil  is  porous  and 
moderately  deep  (depth  being  the  distance  from  the  surface  to  the  impen- 
etrable subsoil,  rock,  or  ground  water)  the  water  not  only  can  i)enetrate 
but  also  can  readily  be  reached  and  taken  up  by  the  roots. 

The  moisture  of  the  soil  being  the  most  important  element  in  it  for 
tree  growth,  the  greatest  attention  must  be  given  to  its  conservation 
and  most  advantageous  distribution  through  the  soil. 

No  trees  grow  to  the  best  advantage  in  very  dry  or  very  wet  soil, 
although  some  can  live  and  almost  thrive  in  such  unfavorable  situa- 
tions. A  moderately  but  evenly  moist  soil,  porous  and  deep  enough  or 
fissured  enough  to  be  well  drained,  and  yet  of  such  a  structure  that 
the  water  supplies  from  the  depths  can  readily  be  drawn  up  and  be- 
come available  to  the  roots — that  is  the  soil  on  which  all  trees  grow 
most  thriftily. 

The  agriculturist  procures  this  condition  of  the  soil  as  far  as  possible 
by  plowing,  drainage,  and  irrigation,  and  he  tries  by  cultivating  to 
keep  the  soil  from  compacting  again,  as  it  does  under  the  influence  of 
the  beating  rain  and  of  the  drying  out  of  the  upper  layers  by  sun  and 
wind. 

The  forest  grower  can  not  rely  upon  such  methods,  because  they  are 
either  too  expensive  or  entirely  impracticable.  He  may,  indeed,  plow 
for  his  first  planting,  and  cultivate  the  young  trees,  but  in  a  few  years 
this  last  operation  will  become  imi^ossible  and  the  effects  of  the  first 
operation  will  be  lost.  He  must,  therefore,  attain  his  object  in  another 
manner,  namely,  by  shading  and  mulching  the  soil.    The  shading  is 
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done  at  first  by  planting  very  closely,  so  that  the  ground  may  be  pro- 
tected as  soon  as  possible  from  sun  and  wind,  and  by  maintaining  the 
shade  well  throughout  the  period  of  growth.  This  shade  is  maintained, 
if  necessary,  by  more  planting,  and  in  case  the  main  crop  in  later  life 
tbins  out  inordinately  in  the  crowns  or  tops,  or  by  the  accidental  death 
of  trees,  it  may  even  become  desirable  to  introduce  an  underbrush. 

The  mulcliiug  is  done  by  allowing  tbe  fallen  leaves  and  twigs  to 
remain  and  decay,  and  form  a  cover  of  rich  mold  or  humus.  This  pro- 
tective cover  permits  the  rain  and  snow  waters  to  penetrate  without  at 
the  same  time  compacting  the  soil,  keeping  it  granular  and  in  best 
condition  for  conducting  water,  and  at  the  same  time  preventing  evapo- 
ration at  the  surface. 

The  soil  moisture,  therefore,  is  best  maintained  by  proper  soil  cover, 
which,  however,  is  needful  only  in  naturally  dry  soils.  Wet  soils, 
although  supporting  tree  growth,  do  not,  if  constantly  wet,  produce 
satisfactory  wood  crops,  the  growth  being  very  slow.  Hence  they  must 
be  drained  and  their  water  level  sunk  below  the  depth  of  the  root 
system. 

Irrigation  is  generally  too  expensive  to  be  applied  to  wood  crops, 
except  perhaps  in  the  arid  regions,  where  the  benefit  of  the  shelter  belt 
may  warrant  the  expense. 

Attention  to  favorable  moisture  conditions  in  the  soil  requires  the 
selection  of  such  kinds  of  trees  as  shade  well  for  a  long  time,  to  plant 
closely,  to  protect  the  woody  undergrowth  (but  not  weeds),  and  to  leave 
the  litter  on  the  ground  as  a  mulch. 

Different  species,  to  be  sure,  adapt  themselves  to  different  degrees 
of  soil  moisture,  and  the  crop  should  therefore  be  selected  with  refer- 
ence to  its  adaptation  to  available  moisture  supplies. 

While,  as  stated,  all  trees  thrive  best  with  a  moderate  and  even  supply 
of  moisture,  some  can  get  along  with  very  little,  like  the  conifers,  espe- 
cially pines;  others  can  exist  even  with  an  excessive  supply,  as  the  bald 
cypress,  honey  locust,  some  oaks,  etc.  The  climate,  however,  must  also 
be  considered  in  this  connection,  for  a  tree  species,  although  succeed- 
ing well  enough  on  a  dry  soil  in  an  atmosphere  which  does  not  require 
much  transpiration,  may  not  do  so  in  a  drier  climate  on  the  same 
soil. 

In  the  selection  of  different  kinds  of  trees  for  different  soils,  the 
water  conditions  of  the  soil  should,  therefore,  determine  the  choice 

LIGHT   CONDITIONS. 

To  insure  the  largest  amount  of  growth,  fall  enjoyment  of  sunlight 
is  needed.  But  as  light  is  almost  always  accompanied  by  heat  and 
relative  dryness  of  air,  wliich  demands  water  from  the  plant,  and  may 
increase  transpiration  from  the  leaves  inordinately,  making  them  pump 
too  hard,  as  it  were,  young  seedlings  of  tree  species  whose  foliage  is  not 
built  for  such  strains  recpiire  partial  shading  for  the  first  year  or  two. 
The  conifers  belong  to  this  class. 
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In  later  life  the  light  conditious  exert  a  threefold  influence  on  the 
development  of  the  tree,  namely,  with  reference  to  soil  conditious, 
witli  reference  to  form  development,  and  with  reference  to  amount  of 
growth. 

The  art  of  the  forester  consists  in  regulating  the  light  conditions  so 
as  to  secure  the  full  benefit  of  the  stimulating  effect  of  light  on  growth, 
without  its  deteriorating  influences  on  the  soil  and  on  form  develop- 
ment. 

As  we  have  seen,  shade  is  desirable  in  order  to  preserve  soil  moisture* 
Now,  while  young  trees  of  all  kinds,  during  the  ''brush"  stage  of  devel- 
opment, have  a  rather  dense  foliage,  as  they  grow  older  they  vary  in 
habit,  especially  when  growing  in  the  forest.  Some,  like  the  beech, 
the  sugar  maple,  the  hemlock,  and  the  spruce,  keep  up  a  dense  crown; 
others,  like  the  chestnut,  the  oaks,  the  walnut,  the  tulip  tree,  and  the 
white  pine,  thin  out  more  and  more,  and  when  fully  grown  have  a  much 
less  dense  foliage;  finally,  there  are  some  which  do  not  keep  up  a  dense 
shade  for  any  length  of  time,  like  the  black  and  honey  locust,  with 
their  small,  thin  leaves;  the  catalpa,  with  its  large  but  few  leaves  at 
the  end  of  the  branchlets  only,  and  the  larch,  with  its  short,  scattered 
bunches  of  needles.  So  we  can  establish  a  comparative  scale  of  trees 
with  reference  to  the  amount  of  shade  which  they  can  give  continu- 
ously, as  densely  foliaged  and  thinly  foliaged,  in  various  gradations.  If 
we  planted  all  beech  or  sugar  maple,  the  desirable  shading  of  the  soil 
would  never  be  lacking,  while  if  we  planted  all  locust  or  catalpa  the 
sun  would  soon  reach  the  soil  and  dry  it  out,  or  permit  a  growth  of 
grass  or  weeds,  which  is  worse,  because  these  transpire  still  larger  quan- 
tities of  water  than  the  bare  ground  evaporates  or  an  undergrowth  of 
woody  plants  would  transpire.  Of  course,  a  densely  foliaged  tree  has 
many  more  leaves  to  shed  than  a  thinly  foliaged  one,  and  therefore 
makes  more  litter,  which  increases  the  favorable  mulch  cover  of  the  soil. 
Another  reason  for  keeping  the  ground  well  shaded  is  that  the  litter 
then  decomposes  slowly,  but  into  a  desirable  humus,  which  acts  favora- 
bly upon  the  soil,  while  if  the  litter  is  exi)osed  to  light,  an  undesirable, 
partly  decomposed  '^raw'^  humus  is  apt  to  be  formed. 

Favorable  soil  conditions,  then,  require  shade,  while  wood  growth 
is  increased  by  full  enjoyment  of  light;  to  satisfy  both  requirements, 
mixed  i)lantiiig,  with  proper  selection  of  shade-enduring  and  light- 
needing  species,  is  resorted  to. 

As  the  different  species  afford  shade  in  different  degrees,  so  they 
require  for  their  development  different  degrees  of  light.  The  dense 
foliage  of  the  beech,  with  a  large  number  of  leaves  in  the  interior  of 
the  crown,  proves  that  the  leaves  can  exist  and  perform  their  work  with 
a  small  amount  of  light;  the  beech  is  a  shade-enduring  tree.  The 
scanty  foliage  of  the  birches,  poplars,  or  i)ines  shows  that  these  are 
light  needing  trees;  hence  they  are  never  found  under  the  dense  shade 
of  the  former,  while  the  shade-enduring  can   develop   satisfactorily 
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under  the  light  shade  of  the  thin-foliaged  kinds.  Very  favorable  soil 
conditions  increase  the  shade  endurance  of  the  latter,  and  climatic 
conditions  also  modify  their  relative  position  in  the  scale. 

All  trees  ultimately  thrive  best — i.  e.,  grow  most  vigorously— in  the 
full  enjoyment  of  light,  but  their  energy  then  goes  into  branching. 
Crowded  together,  with  the  side  light  cut  off,  the  lower  lateral  branches 
soon  die  and  fall,  while  the  main  energy  of  growth  is  put  into  the 
shaft  and  the  height  growth  is  stimulated.  The  denser  shade  of  the 
shade-enduring  kinds,  if  placed  as  neighbors  to  light-needing  ones,  is 
most  effective  in  producing  this  result,  provided  that  the  light  is  not 
cut  oft"  at  the  top;  and  thus,  in  practice,  advantage  is  taken  of  the 
relative  requirements  for  light  of  the  various  species.^ 

The  forester  finds  in  close  planting  and  in  mixed  growth  a  means  of 
securing  tall,  clear  trunks,  free  from  knots,  and  he  is  able,  moreover, 
by  proper  regulation  of  light  conditions,  to  influence  the  form  develop- 
ment, and  also  the  quality  of  his  crop,  since  slow  growth  and  rapid 
growth  produce  wood  of  different  character. 

There  are  some  species  which,  although  light  foliaged  and  giving 
comparatively  little  shade,  are  yet  shade  enduring — i.  e.,  can  subsist, 
although  not  develop  favorably,  under  shade ;  the  oaks  are  examples  of 
this  kind.  Others,  like  the  black  cherry,  bear  a  dense  crown  for  the 
first  twenty  years,  perhaps,  seemingly  indicating  great  shade  endur- 
ance; but  the  fact  that  the  species  named  soon  clears  itself  of  its 
branches  and  finally  has  a  thin  crown,  indicates  that  it  is  fight  needing, 
though  a  good  shader  for  the  first  period  of  its  life.  Others,  again,  like 
the  catalpa,  which  is  shady  and  shade  enduring,  as  the  difficulty  with 
which  it  clears  itself  indicates,  leaf  out  so  late  and  lose  their  foliage 
so  early  that  their  shading  value  is  thereby  impaired.  Black  locust 
and  honey  locust,  on  the  other  hand,  leave  no  doubt  either  as  to  their 
light-needing  or  their  inferior  shading  quality. 

That  soil  conditions  and  climatic  conditions  also  modify  crown  devel- 
opment and  shade  endurance  has  been  well  recognized  abroad,  but  in 
our  country  this  influence  is  of  much  more  importance  on  account  of 
the  great  variation  in  those  conditions.  Thus  the  box  elder,  an  excel- 
lent shader  in  certain  portions  of  the  West,  is  a  failure  as  soil  cover  in 
others  where  it  nevertheless  will  grow. 

We  see,  then,  that  in  determining  the  shading  value  as  well  as  the 
shade  endurance  of  one  species  in  comparison  with  another,  with  refer- 
ence to  forestry  purposes,  not  only  soil  and  climate  but  also  the  char- 
acter of  foliage  and  its  length  of  season  must  be  considered. 


'This  relation  of  the  difforeut  Hpocies  to  varying  light  conditions,  their  compara- 
tive shading  valno  and  shade  endurance,  is  one  of  the  most  important  facts  to  be 
ohserved  and  utilized  by  tiio  forester.  European  foresters  have  done  this,  but  since 
they  had  to  deal  witii  only  a  few  species  and  over  a  limited  territory,  they  could 
quite  readily  classify  their  trees  with  reference  to  their  shade  endurance,  and  take 
it  for  granted  that  shade  endurance  and  density  of  foliage  or  shading  value  were 
more  or  less  identical.  With  our  great  wealth  of  useful  species  it  will  be  necessary 
uud  profitable  to  be  more  exact  in  the  classiflcatiou. 
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PHYSIOLOGY   OF   TREE   GROWTH. 


t 


As  we  have  seen,  root  and  foliage  are  the  main  life  organs  of  the 
tree.  The  trunk  and  branches  serve  to  carry  the  crown  upward  and 
expose  it  to  the  light,  which  is  necessary  in  order  to  prepare  the  food 
and  increase  the  volume  of  the  tree,  and  also  as  conductors  of  food 
materials  up  and  down  between  root  and  foliage.  A  large  part  of  the 
roots,  too,  aside  from  giving  stability  to  the  tree,  serve  only  as  conductors 
of  water  and  food  material;  only  the  youngest  parts,  the  fibrous  roots, 
beset  with  innumerable  fine  hairs,  serve  to  take  up  the  water  and  min- 
erals from  the  soil.  These  fine  roots,  root  hairs,  and  young  parts  are 
therefore  the  essential  portion  of  the  root  system.  A  tree  may  have  a 
fine,  vigorous-looking  root  system,  yet  if  the  young  i)arts  and  fibrous 
roots  are  cut  off  or  allowed  to  dry  out,  which  they  readily  do — some 
kinds  more  so  than  others — thereby  losing  their  power  to  take  up  water, 
such  a  tree  is  apt  to  die.  Under  very  favorable  moisture  and  tempera- 
ture conditions,  however,  the  old  roots  may  throw  out  new  si)routs  and 
replace  the  fibrous  roots.  Some  species,  like  the  willows,  poplars, 
locusts,  and  others,  are  especially  capable  of  doing  so.  All  trees  that 
"transplant  easily"  probably  possess  this  capacity  of  renewing  the 
fibrous  roots  readily,  or  else  are  less  subject  to  drying  out.  But  it  may 
be  stated  as  a  probable  fact  that  most  transplanted  trees  which  die 
soon  after  the  planting  do  so  because  the  fibrous  roots  have  been  cur- 
tailed too  much  in  taking  up,  or  else  have  been  allowed  to  dry  out  on 
the  way  from  the  nursery  or  forest  to  the  place  of  planting;  they  were 
really  dead  before  being  set.  Conifers — pines,  spruces,  etc. — are  espe- 
cially sensitive;  maples,  oaks,  catalpas,  and  apples  will,  in  this  respect, 
stand  a  good  deal  of  abuse. 

Hence,  in  transplanting,  the  first  and  foremost  care  of  the  forest 
grower,  besides  taking  the  sapling  up  with  least  injury,  is  the  proper 
protection  of  its  root  fibers  against  drying  out. 

The  water,  with  the  minerals  in  solution,  is  taken  up  by  the  roots 
when  the  soil  is  warm  enough,  but  to  enable  the  roots  to  act  they  must 
be  closely  packed  with  the  soil.  It  is  conveyed  mostly  through  the  outer, 
which  are  the  younger,  layers  of  the  wood  of  root,  trunk,  and  branches 
to  the  leaves.  Here,  as  we  have  seen,  under  the  influence  of  light  and 
heat  it  is  in  large  part  transpired  and  in  part  combined  with  the  carbon 
into  organic  compounds,  sugar,  etc.,  which  serve  as  food  materials. 
These  travel  from  the  leaf  into  the  branchlet,  and  down  through  the 
outer  layers  of  the  trunk  to  the  very  tips  of  the  root,  forming  new  wood 
all  the  way,  new  buds,  which  lengthen  into  shoots,  leaves,  and  flowers, 
and  also  new  rootlets.  To  live  and  grow,  therefore,  the  roots  need  the 
food  elaborated  in  the  leaves,  just  as  the  leaves  need  the  water  sent  up 
from  the  roots. 

Hence  the  interdependence  of  root  system  and  crown,  which  must  be 
kept  in  proportion  when  transplanting.  At  least,  the  root  system  must 
be  sufficient  to  supply  the  needs  of  the  crown. 
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"SAP  UP  AND  SAP  DOWN.'' 


The  growing  tree,  in  all  its  parts,  is  more  or  less  saturated  with 
water,  and  as  the  leaves,  under  the  influence  of  sun  and  wind  and 
atmospheric  conditions  generally  transpire,  new  supplies  are  taken  in 
through  the  roots  and  conveyed  to  the  crown.  This  movement  takes 
place  even  in  winter,  in  a  slight  degree,  to  supply  the  loss  of  water  by 
evaporation  from  the  branches.    In  the  growing  season  it  is  so  active  as 

to  become  noticeable;  hence 
the  saying  that  the  sap  is 
"up,"  or  "rising,"  and  when, 
toward  the  end  of  the  season, 
the  movement  becomes  less, 
the  sap  is  said  to  be  "down." 
But  this  movement  of  water 
is  always  upward;  hence  the 
notion  that  there  is  a  stream 
upward  at  one  season  and  in 
one  part  of  the  tree,  and  a 
stream  downward  at  another 
season  and  perhaps  in  another 
part  of  the  tree,  is  erroneous. 
The  downward  movement  is 
of  food  materials,  and  the  two 
movements  of  water  upward 
and  food  downward  take  place 
simultaneously,  and  depend, 
in  part  at  least,  one  upon  the 
other,  the  food  being  carried 
to  the  young  parts,  wherever 
required,  by  a  process  of  diffu- 
sion from  cell  to  cell  known  as 
"osmosis." 

These  food  materials  are, 
by  the  life  i)rocesses  of  the 
active  cells,  changed  in  chem- 
ical composition  as  need  be, 

Fio.  llO.-l'liyHiologioal  iinimrtanceotditterontpartrtof  frOm  SUgar,  wllich  is  SOlublC, 
th.,  tm,;  ,mthway«of  water  and  food  materials.  (Sche-  jntostarch,  which  isinsolublc, 
mati<;.)  '  ' 

and  back  into  sugar,  and  com- 
bined with  nitrogenous  substances  to  make  the  cell-forming  material, 
protoi>la8m  (fig.  11  (j). 

In  the  fall,  when  the  leaves  cease  to  elaborate  food,  both  the  upward 
and  the  downward  movement,  more  or  less  simultaneously,  come  to 
rest  (the  surplus  of  food  materials,  as  standi,  and  sometimes  as  sugar, 
being  stored  for  the  winter  \n  certain  cell  tissues),  to  begin  again  simul- 
taneously when  in  spring  the  temperature  is  high  enough  to  reawaken 
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activity,  when  tlie  stored  food  of  last  year  is  dissolved  and  started  on 
its  voyage.  The  exact  manner  in  which  this  movement  of  water  upward 
and  food  materials  downward  takes  place,  and  the  forces  at  work,  are 
not  yet  fully  understood,  nor  is  tliere  absolute  certainty  as  to  the  parts 
of  the  tree  in  which  the  movement  takes  place.  It  appears,  however, 
that  while  all  the  so-called  ^^sapwood"  is  capable  of  conducting  water 
(the  heartwood  is  probably  not),  tlie  most  active  movement  of  both 
water  and  food  materials  takes  place  in  the  cambium  (the  growing 
cells  immediately  beneath  the  bark)  and  youngest  parts  of  the  bark. 

The  deductions  from  these  iirocesses  important  to  the  planter  are : 
That  injury  to  the  living  bark  or  bast  means  injury  to  growth,  if  not 
destruction  to  life;  that  during  the  period  of  vegetation  transj)lanting 
can  be  done  only  with  great  caution;  that  the  best  time  to  move  trees 
is  in  the  fall,  when  the  leaves  have  dropped  and  the  movement  of  water 
and  food  materials  has  mostly  ceased,  or  in  spring,  before  the  move- 
ment begins  again,  the  winter  being  objectionable  only  because  of  the 
ditliculty  of  working  the  soil  and  of  keeping  the  roots  protected  against 
frost.  All  things  considered,  spring  x>lanting,  before  activity  in  the 
tree  has  begun,  is  the  best,  although  it  is  not  impossible  to  plant  at 
other  times. 

PROGRESS   OF   DEVELOPMENT. 

Like  the  w^heat  or  corn  plant,  the  tree  seed  require  as  conditions  for 
sprouting  sullBcient  moisture,  warmth,  and  air.  Tree  seeds,  however, 
differ  from  grain  in  that  most  of  the  kinds  lose  thei'r  power  of  germi- 
nation easily;  Avith  few  exceptions  (locust,  pine,  spruce),  they  can  not 
be  kept  for  any  length  of  time. 

The  first  leaves  formed  often  differ  essentially  in  shape  from  those  of 
the  mature  tree,  which  may  cause  their  being  confounded  with  other 
l)lants,  weeds,  etc. 

The  little  seedlings  of  many,  especially  the  conifers,  are  quite  delicate, 
and  remain  very  small  the  first  season;  they  need,  therefore,  the  i}ro- 
tecting  shade  of  mother  trees,  or  artificial  shading,  and  also  protection 
against  weeds.  The  amount  of  light  or  shade  given  requires  careful 
regulation  for  some  of  them;  too  much  light  and  heat  will  kill  them, 
and  so  will  too  much  shade.  This  accounts  for  the  failure  of  many 
seedlings  that  spring  up  in  the  virgin  forest. 

The  planter,  then,  is  required  to  know  the  nature  and  the  needs  of 
the  various  kinds  of  seeds  and  seedlings,  so  as  to  provide  favorable 
conditions,  when  he  will  avoid  sowing  in  the  open  field  such  as  require 
the  care  which  it  is  impracticable  to  give  outside  of  the  nursery. 

GROWTH   IN  LENGTH   AND   RAMIFICATION. 

While  the  stalk  of  wheat  or  corn  grows  for  one  season,  exhausts 
itself  in  seed  production,  and  then  dies,  the  tree  continues  to  grow 
from  season  to  season,  in  length  as  well  as  in  thickness.      The  growth 
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in  length  of  shaft  and  branches  proceeds  from  buds,  made  up  of 
cell  tissues,  which  can  subdivide  and  lengthen  into  shoots,  as  well 
as  make  leaves.  These  buds  are  formed  during  summer,  and  when 
winter  begins  contain  embryo  leaves,  more  or  less  developed,  under 
the  protecting  cover  of  scales  (fig.  118).  When  spring  stimulates  the 
young  plant  to  new  activity,  the  buds  swell,  shed  their  scales,  dis- 


Fio.  117.  -Bud  development  of  beech.  B,  as  it  would  be 
if  all  formed  buds  were  to  live;  A,  as  it  is,  many  buds 
failing  to  develop. 

tend  their  cells,  increasing  their  number 
by  subdivision,  and  thus  the  leaves  ex- 
pand, and  the  bud  lengthens  into  a 
shoot  and  twig.  During  the  season  new 
buds  are  formed,  and  the  whole  process 
rei)eats  itself  from  year  to  year,  giving 
rise  to  the  ramification  and  height 
growth  of  the  tree.  The  end  buds  being 
mostly  stronger  and  better  developed, 
the  main  axis  of  tree  or  branch  increases 
more  rapidly  than  the  rest.  All  these 
buds  originate  from  the  youngest,  central 
part  of  the  shoot,  the  pith,  and  hence 
when  the  tree  grows  in  thickness,  envel- 
oping the  base  of  the  limbs,  their  connection  with  the  pith  can  always 
be  traced.  This  is  the  usual  manner  of  bud  formation ;  in  addition, 
so-called  ^^adventitious"  buds  maybe  formed  from  the  young  living 
wood  in  later  life,  which  are  not  connected  with  the  pith.  Such  buds 
are  those  which  develop  into  sprouts  from  the  stump  when  the  tree  is 


Fig.  118.— Buds  of  maple.  A,  longitudinal 
section  Ihrougli  tip  of  a  maple  twig; 
</.  end  bud;  s.  lateral  buds;  I,  scars  of 
leaves  of  last  season.  Ji,  cross  section 
through  end  bud,  showing  folded  leaves 
in  center  and  scales  surrounding  them. 
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cut:  also  those  which  give  rise  to  what  are  known  as  '^ water  sprouts.'^ 
Many  buds,  altliough  formed,  are,  however,  not  developed  at  once,  and 
perhaps  not  at  all,  esi)ecially  as  the  tree  grows  older;  these  either  die 
or  remain  "dormant,"  often  for  a  hundred  years,  to  spring  into  life 
when  necessary  (tig.  119). 

The  fact  that  each  ordinary  limb  starts  as  a  bud  from  the  pith  is  an 
important  one  to  the  timber  grower;  it  exi)lains  knotty  timber  and 
gives  him  the  hint  that  in  order  to  obtain  clear  timber  the  branches 


Fia.  119.— Dormant  bud,  K,  on  a  12-year  old  branch  of 
beerh.  Tlio  bud  is  still  capable  of  development 
and  is  connected  with  the  pith,  mm,  of  the  stem  by 
a  fine  trace  of  i)ith,  S. 

first  formed  must  be  soon  removed, 
either  by  the  knife  or  by  proper 
shading,  which  kills  the  branches  and 
thus  ''clears"  the  shaft. 


Fia.  120.— Section  through  a  12-year  old  stem 
of  beech,  showing  manner  of  bud  and  limb 
formation.  «,  dormant  buds;  6,  their  trace 
of  pith  extending  to  the  pith  of  the  stem; 
c,  a  limb  which  started  two  years  ago  from 
a  dormant  bud;  d,  normal  limb;  e,  a  limb 
dead  for  four  years ;  /,  adventitious  buds. 


The  planter  has  it  also  in  his  power 
to  influence  the  form  development  of 
the  tree  by  removing  some  of  tbe 
buds,  giving  thereby  better  (chance  to  the  remaining  ones.  This 
pruning  of  buds  is,  where  practicable,  often  better  practice  than  the 
pruning  of  limbs. 

Since  the  tree  does  not  grow  in  length  except  by  its  buds  it  is  evi- 
dent that  a  limb  which  started  to  grow  at  the  height  of  6  feet  has  its 
base  always  G  feet  froui  the  ground,  and  if  allowed  to  grow  to  size, 
must  be  surrounded  by  the  wood  which  accumulates  on  the  main  stem 
or  trunk.  If  a  limb  is  killed  and  broken  oif  early,  only  a  slender  stub 
composed  entirely  of  rapidly  decaying  sapwood,  is  left,  occasioning, 
therefore,  only  a  small  defect  in  the  heart  of  the  tree;  but  if  left  to 
grow  to  considerable  ago,  the  base  of  the  limb  is  incased  by  the  wood  of 
the  stem,  which,  when  the  tree  is  cut  into  lumber,  appears  as  a  knot. 
24 2 
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The  longer  the  limb  has  been  allowed  to  grow,  the  farther  out  is  the  tim- 
ber knotty  and  the  thicker  is  the  knot.  If  the  limb  remained  alive,  the 
knot  is  ^*  sound,"  closely  grown  together  with  the  fibers  of  the  tree.  I 
the  limb  died  off,  the  remaining  stub  may  behave  in  different  ways.  In 
pines  it  will  be  largely  composed  of  heartwood,  very  resinous  and  dura- 
ble; separated  from  the  fibers  of  the  overgrowing  wood,  it  forms  a 
"loose"  knot,  which  is  apt  to  fall  out  of  a  board,  leaving  a  hole. 

In  broad-leaved  trees,  where  no  resin  assists  in  the  process  of  heal- 
ing, the  stub  is  apt  to  decay,  and  this  decay,  caused  by  the  growth  of 
fungi,  is  apt  to  penetrate  into  the  tree  (fig.  121).  In  i)arks  and  orchards, 
pruning  is  resorted  to,  and  the  cuts  are  i)ainted  or  tarred  to  avoid  the 
decay.  In' well-managed  forests  and  dense  woods  in  general,  the  light 
is  cut  oft',  the  limb  is  killed  when  young  and  breaks  away,  the  shaft 
**clears  itself,"  and  the  sound  trunk  furnishes  a  good  grade  of  material. 
The  difterence  in  development  of  the  branch  system,  whether  in  full 

enjoymQTit  of  light,  in  open  stand, 
or  with  the  side  light  cut  off,  in 
dense  position,  is  shown  in  the 
accompanying  illustration  (fig. 
122). 

Both  trees  start  alike;  the  one 
retains  its  branches,  the  other 
loses  them  gradually,  the  stubs 
being  in  time  overgrown;  finally 
the  second  has  a  clear  shaft,  with 
a  crown  concentrated  at  the  top, 
while  the  first  is  beset  with 
branches  and  branch  stubs  for  its 
whole  length  (fig.  123). 

When  ripped  open  lengthwise, 
the  interior  exhibits  the  condi- 
tion shown  in  figure  124,  the  dead 
parts  of  the  knot  being  indicated 
in  heavier  shading.  Since  the  branches  grow  in  more  or  less  regular 
whorls,  several  knots,  stumps,  or  limbs  are  met  every  6  to  24  inches 
through  the  entire  stem. 

Hence,  in  forest  i)lanting,  trees  are  placed  and  kept  for  some  time  close 
together,  in  order  to  decrease  the  branching  in  the  lower  part  of  the 
tree  and  thus  produce  a  clean  bole  and  clear  lumber. 

GROWTH   IN   THICKNESS. 

The  young  seedling  and  the  young  shoot  of  the  older  tree  much 
resemble  in  interior  structure  that  of  any  herbaceous  plant,  being 
composed  of  a  large  amount  of  pith,  loose  squarish  cells,  and  a  few 
bundles  of  long  fibers  symmetrically  distributed  about  the  center,  the 
whole  covered  with  a  thin  skin  or  epidermis.     Each  strand  or  bundle  of 


Fig.  121.— Section  through  a  partly  decayed  knot  in 
oak  wood,  a,  wood  of  the  knot;  6  and  c,  wood  cal- 
lu8of  the  stem  covering  the  wound ;  sliaded  i>ortion, 
decayed  wood ;  black  part,  a  cavity  remaining. 
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fibers,  called  fibro- vascular  (fiber- vessel)  bundles,  consists  of  two  kinds, 
namely,  wood  fibers  on  the  inner  side  and  bast  fibers  of  different 
structure  on  the  outer  side.  Between  these  two  sets  of  fibers,  the  bast 
and  the  wood,  there  is  a  row  of  cells  which  form  the  really  active, 
growing  part  of  the  plantlet,  the  cambium.  The  cambium  cells  are 
actively  subdividing  and  expanding,  giving  off  wood  cells  to  the  inte- 
rior and  bast  cells  to  the  exterior,  and  extending  at  the  same  time  side- 
wise,  until  at  the  end  of  the  season  not  only  are  the  wood  and  bast 
portions  increased  in  lines  radiating  from  the  center,  but  the  cambium 
layer,  the  wood  cells,  and  the 
bast  cells  of  all  the  bundles 
(scattered  at  the  beginning)  join 
at  the  sides  to  form  a  complete 
ring,  or  rather  hollow  cylinder, 
around  the  central  pith.  Only 
here  and  there  the  pith  cells 
remain,  interrupting  the  wood 
cyhnder  and  giving  rise  to  the 
system  of  cells  known  as  med- 
ullary rays.  The  cross  section 
now  shows  a  comparatively 
small  amount  of  pith  and  bast 
or  bark  and  a  larger  body  of 
strong  wood  fibers.  The  new 
shoot  at  the  end,  to  be  sure, 
has  the  same  appearance  and 
arrangement  as  the  young 
plantlet  had,  the  pith  prepon- 
derating, and  the  continuous 
cylinder  of  cambium,  bast,  and 
wood  being  separated  into 
strands  or  bundles. 

During  the  season,  through 
the'  activity  of  the  cambial  part 
of  the  bundles,  the  same  changes 
take  place  in  the  new  shoot  as 
did  the  previous  year  in  the 
young  seedling,  while  at  the 
same  time  the  cambium  in  the 
yearling  i)art  also  actively  sub- 
divides, forming  new  wood  and  bast  cells,  and  thus  a  second  ring,  or 
rather  cylinder,  is  formed.  The  cambium  of  the  young  shoot  is  always 
a  continuation  of  that  of  the  ring  or  cylinder  formed  the  year  before, 
and  this  cambium  cylinder  always  keeps  moving  outward,  so  that  at 
the  end  of  the  season,  when  activity  ceases,  it  is  always  the  last  minute 
layer  of  cells  on  the  outside  of  the  wood,  between  wood  jnoper  and 


••^5^ 


Fig.  122.— Development  in  and  out  of  tlie  forest.  A, 
young  tree  alike  in  both  eases;  £  and  C,  suceessive 
stages  of  tree  grown  in  the  open;  B'  and  C",  cor- 
responding stages  of  the  tree  grown  in  the  forest. 
Numbers  refer  to  annual  growth  in  height. 
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bark.  It  is  here,  therefore,  that  the  life  of  the  tree  lies,  and  any  injury 
to  the  cambium  must  interfere  with  the  growth  and  life  of  the  tree. 
The  first  wood  cells  which  the  cambium  forms  in  the  spring  are 
usually  or  always  of  a  more  open  structure,  thin  walled,  and  with  a  lar^e 
opening  or ^' lumen,"  comparable  to  a  blown  up  paper  bag;  so  large,  in 
fact,  sometimes,  is  the  ^' lumen"  that  the  width  of  the  cells  can  be  seen 
on  a  cross  section  with  the  naked  eye,  as,  for  instance,  in  oak,  ash, 
elm,  the  so-called  'Spores"  are  this  open  wood  formed  in  spring.    The 

cells,  which  are  formed 
later  in  summer,  have 
mostly  thick  walls,  are 
closely  crowded  and 
compressed,  and  show 
a  very  small  opening  or 
'4umen,"  being  com- 
parable, perhaps,  to  a 
very  thick  wooden  box. 
They  appear  in  the  cross 
section  not  only  denser 
but  of  a  deeper  color, 
on  account  of  their 
\       \ii        \^    ^_^         Njp-  crowded,     compressed 

^^^^         I  ^,^g— ^^^.^^  "^  r  condition    and  thicker 

walls.  Since  at  the  be- 
ginning of  the  next  sea- 
son again  thin-walled 
cells  with  wide  open- 
ings or  lumina  are 
formed,  this  difference 
in  the  appearance  of 
"spring  wood"  and 
"summer  wood"  ena- 
bles us  to  distinguish 
the  layer  of  wood 
formed  each  year.  This 
"annual  ring"  is  more 
conspicuous  in  some 
kinds  than  in  others. 
In  the  so-called  "ring  porous"  woods,  like  oak,  ash,  elm,  the  rings  are 
easily  distinguished  by  the  open  spring  wood;  in  the  conifers,  espe- 
cially pines,  by  the  dark-colored  summer  wood;  while  in  maple,  birch, 
tulip,  etc.,  only  a  thin  line  of  flattened,  hence  darker  and  regularly 
aligned,  summer  cells,  often  hardly  recognizable,  distinguishes  the 
rings  from  each  other.  Cutting  through  a  tree,  therefore,  we  can  not 
only  ascertain  its  age  by  counting  its  annual  layers  in  the  cross  section, 
but  also  determine  how  much  wood  is  formed  each  year  (iig.  125).    We 


Flo.  ]23.-Tre«'H  in  and  out  of  the  forest.    D,  tree  grown  in  tlie 
open;  D',  tree  grown  in  the  forest. 
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can,  ill  fact,  retrace  the  history  of  its  growth,  the  vicissitudes  througli 
which  it  has  i)asse(l,  by  the  record  preserved  in  its  ring  growth. 

To  ascertain  the  age  of  a  tree  correctly,  however,  we  must  cut  so 
near  to  the  ground  as  to  include  the  growth  of  the  first  year's  little 
plantlet;  any  section  higher  up  shows  as  many  years  too  few  as  it  took 
the  tree  to  reach  that  height. 

This  annual-ring  formation  is  the  rule  in  all  countries  which  have 
distinct  seasons  of  suminer  and  winter  and  temporary  cessation  of 
growth.  Only  exception- 
ally a  tree  may  fail  to  make 
its  growth  throughout  its 
whole  length  on  account 
of  loss  of  foliage  or  other 
causes;  and  occasionally, 
when  its  growth  has  been 
disturbed  during  the  sea- 
son, a  "secondary"  ring, 
resembling  the  annual 
ring,  and  distinguishable 
only  by  the  expert,  may 
appearand  mar  the  record. 

To  the  forest  planter  this 
chapter  on  ring  growth  is 
of  great  importance,  be- 
cause not  only  does  this 
feature  of  tree  life  aflbrd 
the  means  of  watching  the 
progress  of  his  crop,  cal- 
culating the  amount  of 
wood  formed,  and  there- 
from determining  when  it 
is  most  profitable  for  him 
to  harvest  (namely,  when 
the  annual  or  periodic 
wood  growth  falls  below  a 
certain  amount),  but  since 
the  proportion  of  summer 
wood  and  spring  wood 
determines  largely  the  quality  of  the  timber,  and  since  he  has  it  in 
his  power  to  infiuence  the  preponderance  of  the  one  or  other  by 
adaptation  of  species  to  soils  and  by  their  management,  ring  growth 
furnishes  an  index  for  regulating  the  quality  of  his  crop. 


Fig.  124.— Sections  of  logs  showing  the  relative  clevelo])ment 
of  knots.  E,  from  tree  grown  in  the  open;  E'y  from  tree 
grown  in  a  dense  forest;  a  and  c,  whorls  of  knots;  6,  dead 
limb;  sk,  "sound  knot;"  dk,  "dead  knot." 


FORM  DEVELOPMENT. 


If  a  tree  is  allowed  to  grow  in  the  open,  it  has  a  tendency  to  branch, 
and  makes  a  low  and  spreading  crown.  In  order  to  lengthen  its  shaft 
and  to  reduce  the  number  of  branches  it  is  necessary  to  narrow  its 
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growing  space,  to  shade  its  sides  so  that  the  lower  branches  and  their 
foliage  do  not  receive  light  enough  to  perform  their  functions.  When 
the  side  shade  is  dense  enough,  these  branches  die  and  finally  break 
off  under  the  influence  of  winds  and  fungous  growth;  wood  then  forms 

over  the  scars  and  we  get  a  clean  shaft 
which  carries  a  crown  high  up  beyond  the 
reach  of  shade  from  neighbors. 

The  branches  being  prevented  from 
spreading  out,  the  shaft  is  forced  to  grow 
upward,  and  hence,  when  crowded  by 
others,  trees  become  taller  and  more 
cylindrical  in  form,  while  in  the  open, 
where  they  can  spread,  they  remain  lower 
and  more  conical  in  form  (figs.  126,  127). 
There  are,  to  be  sure,  different  natural 
types  of  development,  some,  like  the  wal- 
nuts, oaks,  beeches,  and  the  broad-leafed 
trees  generally,  having  greater  tendency 
to  spread  than  others,  like  spruces,  firs, 
and  conifers  in  general,  which  lengthen 
their  shaft  in  preference  to  spreading, 
even  in  the  open.  This  tendency  to  spread- 
ing is  also  influenced  by  soil  conditions 
and  climate,  as  w^ell  as  by  the  age  of  the 
tree.  When  the  trees  cease  to  grow  in 
height,  their  crowns  broaden,  and  this 
takes  place  sooner  in  shallow  soils  than  in 
deep,  moist  ones;  but  the  tendency  can 
be  checked  and  all  can  be  made  to  develop 
the  shaft  at  the  expense  of  the  branches 
by  proper  shading  from  the  sides. 

It  follows  that  the  forest  planter,  who 
desires  to  produce  long  and  clean  shafts 
and  best  working  quality  of  timber,  must 
secure  and  maintain  side  shade  by  a  close 
stand,  while  the  landscape  gardener,  who 
desires  characteristic  form,  nuist  maintain 
an  open  stand  and  full  enjoyment  of  light 
for  his  trees. 

Now,  as  we  have  seen,  different  species 
afford  difl'erent  amounts  of  shade,  and  in 
pr()])orti()n  to  the  sliade  which  they  aflbrd 
can  they  endure  shade.  The  beech  or  sugar  maple  or  spruce,  which 
maintain  a  laig«»  anionnt  of  foliage  under  the  dense  shade  of  their 
own  crown,  sliow  that  tln^ir  leaves  can  live  and  fnnctionate  with  a  small 
amount  of  light.    They  are  shade  enduring  trees.    On  the  other  hand, 


Fio.  125.— Scheme  to  llluatrate  the  ar 
raiigenient  of  annual  growth.  1,  2,  3, 
etc.,  repn!«<!Ut  the  jmrts*  of  tho  »t«ni 
growu-during  tlio  iirst,  serond,  third, 
etc.,  twenty  yearH  of  tho  life  of  tho 
tree.  k.  knots ;  t  he  hIuuWhI  i)art  of  each 
is  the  "dead  knot"  of  liiniher. 
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the  black  walnut,  the  locust,  the  catalpa,  the  poplars,  and  the  larch 
show  by  the  manner  iu  which  their  crowns  thin  out,  the  foliage  being 
confined  to  the  ends  of  the  branches,  that  their  leaves  require  more 
light — they  are  light-needing  trees j  so  that  the  scale  which  arranges 
the  trees  according  to  the  amount  of  shade  they  exert  serves  also  to 
measure  their  shade  endurance. 

In  making,  therefore,  mixed  plantations,  the  different  kinds  must  be 
so  grouped  and  managed  that  the  shady  trees  will  not  outgrow  and 
overtop  the  light-needing;  the  latter  must  either  have  the  start  of  the 
former  or  must  be  quicker  growers. 


RATE   OF   GROWTH. 

Not  only  do  different  species  grow  more  or  less  rapidly  in  height  and 
girth,  but  there  is  in  each  species  a  difference  in  the  rate  of  growth 
during  different  periods  of  life,  and 
a  difference  in  the  persistence  of 
growth. 

It  stands  to  reason  that  trees  grow 
differently  in  different  soils  and  sit- 
uations, and  hence  we  can  not  com- 
pare different  species  with  respect 


Fig.  126.— Oak  tree  grown  in  the  open. 


Fia.  127.-Mai 


to  their  rate  of  growth  except  as  they  grow  under  the  same  conditions. 

Thus  the  black  walnut  may  grow  as  fast  as  or  faster  than  the  ash  on 
a  rich,  deep,  moist,  warm  soil,  but  will  soon  fall  to  the  rear  in  a  wetter, 
colder,  and  shallower  soil. 

Given  the  same  conditions,  some  species  will  start  on  a  rapid  upward 
growth  at  once,  like  the  poplars,  aspen,  locust,  and  silver  maple,  making 
rapid  progress  (the  most  rapid  from  their  tenth  to  their  fifteenth  year), 
but  decreasing  soon  in  rate  and  reaching  their  maximum  height  early. 
Others,  like  the  spruce,  beech,  and  sugar  majile,  will  begin  slowly,  often 
occupying  several,  sometimes  as  many  as  10  to  15,  years  before  they 
appear  to  grow  at  all,  their  energy  all  going  into  root  growth.  Then 
comes  a  period  of  more  and  more  accelerated  growth,  which  reaches  its 
maximum  rate  at  25  or  30  years  j  and  when  the  cotton  wood  or  aspeu 
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has  reached  the  end  of  its  growth  in  height  the  spruce  or  pine  is  still 
at  its  best  rate,  and  continues  to  grow  for  a  long  time  at  that  rate;  in 
later  life  the  rate  decreases,  yet  height  growth  sometimes  does  not 
cease  altogether  for  centuries.  As  a  rule,  the  light-needing  species  are 
the  ones  which  show  the  rapid  height  growth  at  the  start,  while  the 
shade-enduring  are  slow  at  the  start,  but  persistent  growers. 

This  fact  is  important  in  explaining  the  alternations  of  forest  growth 
in  nature;  the  persistent  shade-enduring  species  crowd  out  the  light 
needing,  and  the  latter  rapidly  take  possession  of  any  openings  that 
fire  or  storm  has  made.  It  is  also  important  with  reference  to  the  man- 
agement of  wood  crops  and  starting  of  mixed  i)lantations ;  the  light- 
needing  si)ecies  must  be  mixed  only  with  such  shade-enduring  species 
as  are  slower  growers  than  themselves. 

The  diameter  growth  shows  also  periodic  changes  in  its  rate,  and  is,  of 
course,  influenced  in  the  same  way  by  soil,  climate,  and  light  conditions, 
as  the  height  growth. 

In  the  juvenile  or  brush  stage,  lasting  6  to  10  years  in  light-needing  and 
20  to  40  years  in  shade-enduring  species,  the  diameter  grows  compaia- 
tively  little,  all  energy  being  directed  to  height  growth  and  root  growth. 
When  the  crown  has  been  definitely  formed,  more  food  material  is  avail- 
able for  wood  formation,  and  the  increase  in  foliage  is  accompanied 
by  a  more  rapid  increase  of  trunk  diameter;  in  favorable  situations, 
the  highest  rate  occurs  between  the  fortieth  and  sixtieth  years;  in  the 
poorer  situations,  between  the  fiftieth  and  eightieth  years,  which  rate 
continues  for  some  time.  Then  comes  a  period  of  slower  rate,  which 
finally  in  old  age  dwindles  down  almost  to  zero. 

But  neither  the  diameter  growth  nor  the  width  of  the  annual  rings 
alone  tells  us  directly  what  amount  of  wood  is  forming.  The  outer 
rings,  being  laid  over  a  larger  circumference,  although  thinner  than  the 
preceding  rings,  may  yet  have  greater  cubic  contents.  The  statements 
of  diameter  growth  are,  therefore,  misleading  if  we  are  interested  in 
knowing  how  much  wood  is  forming. 

Accordingly  the  growth  in  volume  must  be  considered  separately,  as 
determined  by  the  enlargement  of  the  cross-section  area  and  the  height. 
The  growth  in  volume  or  mass  accretion  is  quite  small  in  young  trees, 
so  that  when  wood  is  cut  young  the  smallest  amount  of  crop  per  year 
is  harvested,  while,  if  it  is  allowed  to  grow,  an  increase  more  than  pro- 
portionate to  the  number  of  years  may  be  obtained. 

Only  wlien  the  tree  has  a  fully  <levelo])ed  crown  does  it  begin  to 
make  nuu^h  wood.  Its  volume  growth  progresses  then  at  compound 
interest,  and  continues  to  do  so  for  decades,  and  sometimes  for  a  cen- 
tury or  more. 

On  ]>oorer  sites  the  rate  is  slower,  but  remains  longer  on  the  increase, 
while  on  good  sites  the  maximum  rate  is  soon  reached. 

Ot  course,  in  a  forest,  where  light  conditions  are  not  most  favorable, 
because  form  development  and  soil  conditions  require  sliade,  the  total 
wood  formation  is  less  than  in  an  isolated  tree,  favorably  placed.    Just 
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SO  the  dominant  trees  in  a  forest — i.  e.,  those  which  have  their  crowns 
above  all  others — show,  of  course,  the  advantage  they  have  over  the 
inferior  trees  which  are  suffering  from  the  shade  of  their  neighbors. 

Finally,  if  we  would  take  into  consideration  an  entire  forest  growth, 
and  determine,  for  instance,  how  much  wood  an  acre  of  such  forest  pro- 
duces at  different  periods,  we  must  not  overlook  the  fact  that  the  num- 
ber of  trees  per  acre  changes  as  the  trees  grow  older.  Some  of  them 
are  overshaded  and  crowded  out  by  the  others,  so  that  a  young  growth 
of  spruce  might  start  with  100,000  little  seedlings  to  the  acre,  of  which 
in  the  twentieth  year  only  10,000  would  be  alive,  while  in  the  fortieth 
year  the  number  would  be  reduced  to  1,200,  and  in  the  hundredth  year 
to  280.  Hence  the  rate  of  growth  of  any  single  tree  gives  no  idea  of 
what  the  acre  of  forest  will  do. 

Thus,  while  a  single  good  white  pine  might  grow  the  fastest  in  vol- 
ume when  about  one  hundred  years  old,  then  making  wood  at  the  rate 
of,  say,  1.5  cubic  feet  i)er  year,  an  acre  of  pine  on  good  soil,  containing 
about  1,600  trees,  may  make  the  most  wood  in  the  thirtieth  year,  then 
growing  at  the  rate  of  170  cubic  feet  per  acre,  while  in  the  hundredth 
year  the  rate  would  not  exceed  70  cubic  feetj  and  an  acre  of  pine  in  a 
poorer  location,  with  about  1,400  trees,  may  make  the  most  wood  in  the 
fortieth  year,  at  the  rate  of  100  cubic  feet  per  acre. 

From  the  consideration  of  the  relation  of  light  conditions  to  soil  con- 
ditions, to  form  development,  and  to  rate  of  growth,  we  may  make  the 
following  deductions  of  interest  to  the  forest  planter: 

In  order  to  secure  the  best  results  in  wood  i^roduction,  in  quantity 
and  quality,  at  the  same  time  preserving  favorable  soil  conditions,  the 
forest  should  be  composed  of  various  species,  a  mixture  of  light-needing 
and  shade-enduring  kinds.  The  light-needing  ones  should  be  of  quicker 
growth 5  the  shady  ones,  in  larger  numbers,  should  be  slower  growers. 
For  the  first  fifteen  to  twenty-five  years  the  i)lantation  should  be  kept 
as  dense  as  possible,  to  secure  clear  shafts  and  good  growth  in  height; 
then  it  should  be  thinned,  to  increase  crown  development  and  diameter 
growth:  the  thinning,  however,  is  not  to  be  so  severe  that  the  crowns 
can  not  close  uj)  again  in  two  or  three  years;  the  thinning  is  to  be 
repeated  again  and  again,  always  favoring  the  best  developed  trees. 

REPRODUCTION. 

All  trees  reproduce  themselves  naturally  from  seed.  Man  can  secure 
their  reproduction  also  from  cuttings  or  layers;  and  some  kinds  can 
reproduce  themselves  by  shoots  from  the  stump  when  the  i^arent  tree 
has  been  cut.  This  latter  capacity  is  possessed  in  a  varying  degree 
by  different  species;  chestnuts,  oaks,  elms,  maples,  poplars,  and  willows 
are  most  excellent  sprouters ;  most  conifers  do  not  sprout  at  all,  and  the 
shoots  of  those  that  do  sprout  soon  die  (Sequoia  or  California  redwood 
seems  to  be  an  exception).  Sprouts  of  broad-leafed  trees  develop  differ- 
ently from  seedlings,  growing  very  rajndly  at  first,  but  soon  lessening 
in  the  rate  of  growth  and  never  attaining  the  height  and  perhaps  not 
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the  diameter  of  trees  grown  from  the  seed ;  they  are  also  shorter  lived. 
With  age  the  stumps  lose  their  capacity  for  sprouting.  To  secure  best 
results,  the  parent  tree  should  be  cut  close  to  the  ground  in  early  spring, 
avoiding  severe  frost,  and  a  sharp  cut  should  be  made  which  will  not 
sever  the  bark  from  the  trunk. 

iS^ot  all  trees  bear  seed  every  year,  and  plentiful  seed  production, 
especially  in  a  forest,  occurs,  as  a  rule,  periodically.  The  periods  difter 
with  species,  climate,  and  season. 

Kot  all  seeds  can  germinate,  and  in  some  species  the  number  of  seeds 
that  can  germinate  is  very  small,  and  they  lose  their  power  of  germina- 
tion when  kept  a  few  hours,  like  the  willows.  Others,  if  kept  till  they 
have  become  dry,  will  "lie  over"  in. the  soil  a  year  or  more  before  ger- 
minating. The  same  thing  will  occur  if  they  are  covered  too  deep  in 
the  soil,  provided  they  germinate  at  all  under  such  conditions. 

In  order  to  germinate,  seeds  must  have  warmth,  air,  and  moisture. 
The  preparation  of  a  seed  bed  is,  therefore,  necessary  in  order  to  supply 
these  conditions  in  most  favorable  combination.  In  the  natural  forest 
millions  of  seeds  rot  or  dry  without  sprouting,  and  millions  of  seedlings 
sprout,  but  soon  perish  under  the  too  dense  shade  of  the  mother  trees. 

Man,  desiring  to  reproduce  a  valuable  wood  crop,  cannot  afford  to  be 
as  lavish  as  nature,  and  must  therefore  improve  upon  nature's  methods, 
making  more  careful  preparation  for  the  production  of  his  crop,  either 
by  growing  the  seedlings  in  nurseries  and  transplanting  them,  or  else 
by  cutting  away  the  old  growth  in  such  a  manner  as  to  secure  to  the 
young  self- grown  crop  better  chances  for  life  and  development. 

2.  HOW   TO   PLANT   A   FOREST. 

Forest  planting  and  tree  planting  are  two  different  things.  The 
orchardist,  who  plants  for  fruit;  the  landscape  gardener,  who  plants  for 
form  J  the  roadside  planter,  who  plants  for  shade,  all  have  objects  in  view 
different  from  that  of  the  forest  planter,  and  therefore  select  and  use 
their  plant  material  differently.  They  deal  with  single  individual  trees, 
each  one  by  itself  destined  for  a  definite  purpose.  The  forester,  on  the 
other  hand,  plants  a  crop  like  the  farmer;  he  deals  not  with  the  single 
seed  or  plant,  but  with  masses  of  trees;  the  individual  tree  has  value 
to  him  only  as  apart  of  the  whole.  It  may  come  to  harvest  for  its  tim- 
ber, or  it  may  not  come  to  harvest,  and  yet  have  answered  its  purpose 
as  a  part  of  the  whole  in  shading  the  ground,  or  acting  as  nurse  or 
"forwarder"  as  long  as  it  was  necessary. 

His  object  is  not  to  grow  trees,  but  to  produce  wood,  the  largest 
amount  of  the  best  (piality  per  acre,  whether  it  be  stored  in  one  tree  or 
in  many,  and  Jiis  jnethods  must  be  directed  to  that  end. 

As  far  as  the  manner  of  setting  out  plants  or  sowing  seeds  is  con- 
cerned, the  same  general  i)rinci])les  and  the  same  care  in  manipulation 
are  applicable  as  in  any  other  planting,  except  as  the  cost  of  operating 
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on  so  large  a  scale  may  necessitate  less  careful  methods  than  the  gar- 
dener or  nurseryman  can  aftbrd  to  apply;  the  nearer,  however,  the 
performance  of  planting  can  be  brought  to  the  careful  manner  of  the 
gardener,  the  surer  the  success.  The  principles  underlying  such 
methods  have  been  discussed  in  the  chapter  "  How  trees  grow;"  in  the 
present  chapter  it  is  proposed  to  point  out  briefly  the  special  consid- 
erations which  should  guide  the  forest  planter  in  particular. 

WHAT  TREES   TO  PLANT. 

Adaptability  to  climate  is  the  first  requisite  in  the  species  to  be 
planted. 

It  is  best  to  choose  from  the  native  growth  of  the  region  which  is 
known  to  be  adapted  to  it.  With  regard  to  species  not  native,  the 
reliance  must  be  placed  upon  the  experience  of  neighboring  planters 
and  upon  experiment  (at  first  on  a  small  scale),  after  study  of  the 
requirements  of  the  kinds  proposed  for  trial. 

Adaptation  must  be  studied,  not  only  with  reference  to  temperature 
ranges  and  rainiall,  but  especially  with  reference  to  atmospheric 
humidity  and  requirements  of  transpiration. 

Many  species  have  a  wide  range  of  natural  distribution,  and  hence 
of  climatic  adaptation.  If  such  are  to  be  used,  it  is  important  to  secure 
seeds  from  that  part  of  the. range  of  natural  distribution  where  the 
plants  must  be  hardiest,  i.  e.,  the  coldest  and  driest  region  in  which  it 
occurs,  which  insures  hardy  qualities  in  the  offspring.  For  instance, 
the  Douglas  spruce  from  the  humid  and  evenly  tempered  Pacific  Slope 
will  not  be  as  hardy  as  that  grown  from  seed  collected  on  the  dry 
and  frigid  slopes  of  the  Eockies.  Lack  of  attention  to  this  requisite 
accounts  for  many  failures.  It  must  also  be  kept  in  mind  that,  while  a 
species  may  be  able  to  grow  in  another  than  its  native  climate,  its  wood 
may  not  there  have  the  same  valuable  qualities  which  it  develops  in 
its  native  habitat. 

Adaptahility  to  soil  must  be  studied  less  with  reference  to  mineral 
constituents  than  to  physical  condition.  Depth  and  moisture  condi- 
tions, and  the  structure  of  the  soil,  which  influences  the  movement  of 
water  in  it,  are  the  most  important  elements.  While  all  trees  thrive 
best  in  a  moist  to  "fresh"  soil  of  moderate  depth  (from  2  to  4  feet) 
and  granular  structure,  some  can  adapt  themselves  to  drier  or  wetter, 
shallow,  and  compact  soils.  Fissures  in  rocks  into  which  the  roots  can 
penetrate  often  stand  for  depth  of  soil,  and  usually  aid  in  maintaining 
favorable  moisture  conditions.  In  soils  of  great  depth  (i.  e.,  from  the 
surface  to  the  impenetrable  subsoil)  and  of  coarse  structure  water  may 
drain  away  so  fast  as  not  to  be  available  to  the  roots. 

Soil  moisture  must  always  be  studied  in  conjunction  with  atmospheric 
moisture;  for,  while  a  vspecies  may  thrive  in  an  arid  soil,  when  the 
demands  of  transpiration  are  not  great,  it  may  not  do  so  when  aridity 
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of  atmosphere  is  added.  Trees  of  the  swamp  are  apt  to  be  indiffereDt 
to  soil  moisture  and  to  thrive  quite  well,  if  not  better,  in  drier  soils. 

Adaptahility  to  site. — While  a  species  may  be  well  adapted  to  the 
^^eneral  climatic  conditions  of  a  region,  and  in  general  to  the  soil,  there 
still  remains  to  be  considered  its  adaptability  to  the  particular  "  site," 
under  which  term  we  may  comprise  the  total  effect  of  general  climate, 
local  climate,  and  soil.  The  general  climatic  conditions  are  locally 
influenced,  especially  by  the  slope,  exposure,  or  aspect,  and  the  sur- 
roundings. Thus  we  know  that  eastern  exposures  are  more  liable  to 
fi'ost,  western  exposures  more  liable  to  damage  from  winds,  southern 
more  apt  to  be  hot  and  to  dry  out,  and  northern  to  be  cooler  and 
damper,  having  in  consequence  a  shorter  period  of  vegetation.  Hol- 
lows and  lowlands  are  more  exposed  to  frosts  and  more  subject  to 
variations  in  soil  moisture,  etc. 

Hence  for  these  various  situations  it  is  advisable  to  select  species 
which  can  best  withstand  such  local  dangers. 

The  use  value,  or  utility,  of  the  species  is  next  to  be  considered.  This 
must  be  done  with  reference  to  the  commercial  and  domestic  demand, 
and  the  length  of  time  it  takes  the  species  to  attain  its  value.  The 
greater  variety  of  purposes  a  wood  may  serve — i.  e.,  the  greater  its 
general  utility — and  the  sooner  it  attains  its  use  value  the  better. 
White  pine  for  the  northeastern  States  as  a  wood  is  like  the  apple 
among  fruits,  making  an  all-round  useful  material  in  large  quantities 
per  acre  in  short  time.  Tulip  poplar,  applicable  to  a  wider  climatic 
range,  is  almost  as  valuable,  while  oak,  ash,  and  hickory  are  standard 
woods  in  the  market.  Other  woods  are  of  limited  application.  Thus 
the  black  locust,  which  grows  most  quickly  into  useful  posts,  has  only 
a  limited  market,  much  more  limited  than  it  should  have;  hickory  soon 
furnishes  valuable  hoop  poles  from  the  thinnings,  and  later  the  best 
wagon  material,  not,  however,  large  quantities  in  a  short  time;  while 
black  walnut  of  good  quality  is  very  high  in  price,  the  market  is  also 
limited,  and  the  dark  color  of  the  heartwood,  for  which  it  is  prized,  is 
attained  only  by  old  trees.  The  black  cherry,  used  for  similar  purposes, 
attains  its  value  much  sooner. 

By  planting  various  species  together,  variety  of  usefulness  may  be 
secured  and  the  certainty  of  a  market  increased. 

The  forest  value  of  the  species  is  only  in  part  expressed  by  its  use 
value.  As  has  been  shown  in  another  place,  the  composition  of  the 
crop  must  be  such  as  to  insure  maintenance  of  favorable  soil  cou- 
diticms,  as  well  as  satisfactory  development  of  the  crop  itself.  Some 
species,  although  of  high  use  vahie,  like  ash,  oak,  etc.,  are  poor  pre- 
servers of  soil  conditions,  allowing  grass  and  weeds  to  enter  the  plan- 
tation and  to  deteriorate  the  soil  under  their  thin  foliage.  Others,  like 
beech,  sugar  maple,  box  elder,  etc.,  although  of  less  use  value,  being 
dense  foliaged  and  preserving  a  shady  crown  for  a  long  time,  are  of 
great  forest  value  as  soil  improvers. 
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Again,  as  the  value  of  logs  depends  largely  on  their  freedom  from 
knots,  straightuess,  and  length,  it  is  of  importance  to  secure  these 
qualities.  Some  valuable  species,  if  grown  by  themselves,  make  crooked 
trunks,  do  not  clean  their  shafts  of  branches,  and  are  apt  to  spread 
rather  than  lengthen.  If  planted  in  close  companionship  with  others, 
they  are  forced  by  these  "  nurses  or  forwarders  "  to  make  better  growths 
and  clean  their  shafts  of  branches. 

Furthermore,  from  financial  considerations,  it  is  well  to  know  that 
some  species  develop  more  rapidly  and  produce  larger  quantities  of 
useful  material  per  acre  than  others;  thus  the  white  pine  is  a  "big 
cropi^er,"  and,  combining  with  this  a  tolerably  good  shading  quality, 
and  being  in  addition  capable  of  easy  reproduction,  it  is  of  highest 
"forest  value." 

Hence,  as  the  object  of  forestry  is  to  make  money  from  continued 
wood  crops,  use  value  and  forest  value  must  both  be  considered  in  the 
selection  of  materials  for  forest  planting. 

Mutual  relationship  of  different  species,  with  reference  especially  to 
tlieir  relative  height  growth  and  their  relative  light  requirements,  must 
be  considered  in  starting  a  mixed  plantation. 

Mixed  forest  i^lantations  (made  of  several  kinds)  have  so  many  advan- 
tages over  pure  plantations  (made  of  one  kind)  that  they  should  be 
preferred,  except  for  very  particular  reasons.  Mixed  plantations  are 
capable  of  i)roducing  larger  quantities  of  better  and  more  varied 
material,  preserve  soil  conditions  better,  are  less  liable  to  damage  from 
winds,  fires,  and  insects,  and  can  be  more  readily  reproduced. 

The  following  general  rules  should  guide  in  making  up  the  compo- 
sition of  a  mixed  plantation: 

a.  Shade-enduring  kinds  should  form  the  bulk  (five-eighths  to  seven-eighths)  of 
the  plantation,  except  on  specially  favored  soils  where  no  deterioration  is  to  be 
feared  from  planting  only  light-needing  kinds,  and  in  which  case  these  may  even 
be  planted  by  themselves. 

b.  Tlie  light-needing  trees  should  be  surrounded  by  shade-enduring  of  slower 
growth,  so  that  the  former  may  not  be  overtopped,  but  have  the  necessary  light  and 
be  forced  by  side  shade  to  straight  growth. 

c.  Shade-enduring  species  may  be  grown  in  admixture  with  each  other  when  their 
rate  of  height  growth  is  about  equal,  or  when  the  slower-growing  kind  can  be  pro- 
tected against  the  quicker-growing  (for  instance,  by  planting  a  larger  proportion  of 
the  former  in  groups  or  by  cutting  back  the  latter). 

d.  The  more  valuable  timber  trees  which  are  to  form  the  main  crop  should  be  so 
disposed  individually,  and  planted  in  such  numbers  among  the  secondary  crop  or 
nurse  crop,  that  the  latter  can  be  thinned  out  first  without  disturbing  the  former. 

Where  a  plantation  of  light  foliaged  trees  has  been  made  (black 
walnut,  for  instance),  it  can  be  greatly  improved  by  "underplanting' 
densely  with  a  shade-enduring  kind,  which  will  choke  out  weed  growth, 
improve  the  soil,  and  thereby  advance  the  growth  of  the  plantation. 

The  selection  and  proper  combination  of  species  with  reference  to 
this  mutual  relationship  to  each  other  and  to  the  soil  are  the  most  im- 
portant elements  of  success. 
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Availability  of  the  species  also  still  needs  consideration  in  this 
country;  for,  although  a  species  may  be  very  well  adapted  to  the  pur- 
pose in  hand,  it  may  be  too  difficult  to  obtain  material  for  planting  in 
quantity  or  at  reasonable  prices.  While  the  beech  is  one  of  the  best 
species  for  shade  endurance,  and  hence  for  soil  cover,  seedlings  can  not 
be  had  as  yet  in  quantity.  Western  conifers,  although  promising  good 
material  for  forest  planting,  are  at  present  too  high  priced  for  general 
use.  Some  eastern  trees  can  be  secured  readily — either  their  seed  or 
seedlings — from  the  native  woods;  others  must  be  grown  in  nurseries 
before  they  can  be  placed  in  the  field. 

Whether  to  procure  seeds  or  plants^  and  if  the  latter,  what  kind, 
depends  upon  a  number  of  considerations.  The  main  crop,  that  which 
is  to  furnish  the  better  timber,  had  best  be  planted  with  nursery-grown 
plants,  if  of  slow-growing  kinds,  perhaps  once  transplanted,  with  well- 
developed  root  systems,  the  plants  in  no  case  to  be  more  than  2  to  3 
years  old.  The  secondary  or  nurse  crop  may  then  be  sown  or  planted 
with  younger  and  less  costly  material  taken  from  the  woods  or  grown 
in  seed  beds,  or  else  cuttings  may  be  used. 

In  some  localities — for  instance,  the  Western  plains — the  germinating 
of  seeds  in  the  open  field  is  so  uncertain,  and  the  life  of  the  young 
seedlings  for  the  first  year  or  two  so  precarious,  that  the  use  of  seeds 
in  the  field  can  not  be  recommended.  In  such  locations  careful  selec- 
tion and  treatment  of  the  planting  material  according  to  the  hardships 
which  it  must  encounter  can  alone  insure  success. 

Seedlings' from  6  to  12  inches  high  furnish  the  best  material.  The 
planting  of  large-sized  trees  is  not  excluded,  but  is  expensive  and 
hence  often  impracticable,  besides  being  less  sure  of  success,  since 
the  larger-sized  tree  is  apt  to  lose  a  greater  proportion  of  its  roots  in 
transplanting. 

METHODS   OF   PLANTING. 

Preparation  of  soil  is  for  the  purpose  of  securing  a  favorable  start  for 
the  young  crop;  its  effects  are  lost  after  the  first  few  years.  Most  land 
that  is  to  be  devoted  to  forest  j^lanting  does  not  admit  of  as  careful 
preparation  as  for  agricultural  crops,  nor  is  it  necessary  where  the 
climate  is  not  too  severe  and  the  soil  not  too  compact  to  prevent  the 
young  crop  from  establishing  itself.  Thousands  of  acres  in  Germany 
are  planted  annually  without  any  soil  preparation,  yearling  pine  seed- 
lings being  set  with  a  dibble  in  the  unprepared  ground.  This  absence 
of  preparation  is  even  necessary  in  sandy  soils,  like  that  encountered 
in  the  sandhills  of  Nebraska,  which  may^  if  disturbed,  be  blown  out  and 
shifted.  In  other  cases  a  i)artial  removal  of  a  too  rank  undergrowth 
or  soil  cover  and  a  shaHow  scarifying  or  hoeing  is  resorted  to,  or  else 
furrows  are  thrown  up  and  the  trees  set  out  in  them. 

In  land  tliat  has  been  tilled,  deep  plowing  (10  to  12  inches)  and 
tijorough  i)ulverizing  give  the  best  chances  for  tlie  young  crop  to  start. 
For  special  conditions,  very  dry   or   very  moist    situations,  special 
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methods  are  required.  The  best  methods  for  planting  in  the  semiarid 
regions  of  the  far  West  have  not  yet  been  developed.  Thorough  culti- 
vation, as  for  agricultural  crops,  with  subsequent  culture,  is  successful, 
but  expensive.  A  plan  which  might  be  tried  would  consist  in  breaking 
the  raw  prairie  in  June  and  turning  over  a  shallow  scd,  sowing  a  crop 
of  oats  or  alfalfa,  harvesting  it  with  a  high  stubble,  then  opening  fur- 
rows for  i^lantiug  and  leaving  the  ground  between  furrows  undisturbed, 
so  as  to  secure  the  largest  amount  of  drainage  into  the  furrows  and  a 
mulch  between  the  rows. 

The  time  for  j^lmiting  depends  on  climatic  and  soil  conditions  and  the 
convenience  of  the  planter.  Spring  planting  is  preferable  except  in 
southern  latitudes,  especially  in  the  West,  where  the  winters  are  severe 
and  the  fall  ai)t  to  be  dry,  the  soil  therefore  not  in  favorable  condition 
for  planting. 

The  time  for  fall  planting  is  after  the  leaves  have  fallen;  for  spring 
planting,  before  or  just  when  life  begins  anew.  In  order  to  be  ready 
in  time  for  spring  planting,  it  is  a  good  practice  to  take  up  the  plants  in 
the  fall  and  ''heel  them  in"  over  winter  (covering  them,  closely  packed, 
in  a  dry  trench  of  soil).  Conifers  can  be  planted  later  in  spring  and 
earlier  in  fall  than  broad-leafed  trees. 

The  density  of  the  trees  is  a  matter  in  which  most  planters  fail.  The 
advantages  of  close  planting  lie  in  the  quicker  shading  of  the  soil,  hence 
the  better  preservation  of  its  moisture  and  improved  growth  and  form 
development  of  the  crop.  These  advantages  must  be  balanced  against 
the  increased  cost  of  close  planting.  The  closer  the  planting,  the  sooner 
will  the  plantation  be  self-sustaining  and  the  surer  the  success. 

If  planted  in  squares,  or,  better  still,  in  quincunx  order  (the  trees  in 
ever^^  other  row  alternating  at  equal  distances),  which  is  most  desirable 
on  account  of  the  more  systematic  work  possible  and  the  more  complete 
cover  which  it  makes,  the  distance  should  not  be  more  than  4  feet, 
unless  for  special  reasons  and  conditions,  while  2  feet  apart  is  not  too 
close,  and  still  closer  planting  is  done  by  nature  with  the  best  success. 

The  following  numbers  of  trees  per  acre  are  required  when  planting 
at  distances  as  indicated : 


li  by  li  feet 19,  360 

li  by  2  feet 14,  520 

2  by  2  feet 10,  890 

2  by  3  feet '.....  7,  260 


2  by  4  feet 5,445 

3  by  3  feet 4,840 

3  by  4  feet ....3,630 

4  by  4  feet 2,  722 


To  decrease  expense,  the  bulk  of  the  plantation  may  be  made  of  the 
cheapest  kinds  of  trees  that  may  serve  as  soil  cover  and  secondary  or 
nurse  crop,  the  main  crop  of  from  300  to  600  trees  to  consist  of  better 
kinds,  and  with  better  planting  material,  mainly  of  light-needing  species. 
These  should  be  evenly  disposed  through  the  plantation,  each  closely 
surrounded  by  the  nurse  crop.  It  is,  of  course,  understood  that  not  all 
trees  grow  upj  a  constant  change  in  numbers  by  the  death  (or  else 
timely  removal)  of  the  overshaded  takes  place,  so  that  the  final  crop 
shows  at  100  years  a  close  cover,  with  hardly  300  trees  to  the  acre. 
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After-culture  is  not  entirely  avoidable,  especially  under  unfavorable 
climatic  conditions,  and  if  the  planting  was  not  close  enough.  Shallow 
cultivation  between  the  rows  is  needed  to  prevent  weed  growth  and  to 
keep  the  soil  open,  until  it  is  shaded  by  the  young  trees,  which  may  take 
a  year  with  close  planting  and  two  or  three  years  with  rows  4  by  4  feet 
apart,  the  time  varying  also  with  the  species. 

It  is  rare  that  a  plantation  succeeds  in  all  its  parts;  gaps  or  fail 
places  occur,  as  a  rule,  and  must  be  filled  in  by  additional  planting  as 
soon  as  possible,  if  of  larger  extent  than  can  be  closed  up  in  a  few 
years  by  the  neighboring  growth. 

When  the  soil  is  protected  by  a  complete  leaf  canopy,  the  forest  crop 
may  be  considered  as  established,  and  the  after-treatment  will  consist 
of  judicious  thinning. 

3.  HOW  TO   TREAT   THE  TVOOD   LOT. 

In  the  northeastern  States  it  is  the  custom  to  have  connected  with 
the  farm  apiece  of  virgin  woodland,  commonly  called  the  wood  lot.  Its 
object  primarily  is  to  supply  the  farmer  with  the  firewood,  fence  mate- 
rial, and  such  dimension  timbers  as  he  may  need  from  time  to  time  for 
repairs  on  buildings,  wagons,  etc. 

Asa  rule,  the  wood  lot  occupies,  as  it  ought  to,  the  poorer  part  of  the 
farm,  the  rocky  or  stony,  the  dry  or  the  wet  portions,  which  are  not  well 
fitted  for  agricultural  crops.  Asa  rule,  it  is  treated  as  it  ought  not  to 
be,  if  the  intention  is  to  have  it  serve  its  purpose  continuously;  it  is 
cut  and  culled  without  regard  to  its  reproduction. 

As  far  as  firewood  supplies  go,  the  careful  farmer  will  first  use  tlie 
dead  and  dying  trees,  broken  limbs,  and  leavings,  which  is  quite  proper. 
The  careless  man  avoids  the  extra  labor  which  such  material  requires, 
and  takes  whatever  splits  best,  no  matter  whether  the  material  could 
be  used  for  better  purposes  or  not. 

When  it  comes  to  the  cutting  of  other  material,  fence  rails,  posts,  or 
dimension  timber,  the  general  rule  is  to  go  into  the  lot  and  select  the 
best  trees  of  the  best  kind  for  the  purpose.  This  looks  at  first  sight 
like  the  natural,  most  practical  way  of  doing.  It  is  the  method  wliich 
the  lumberman  pursues  when  he  "  culls"  the  forest,  and  is,  from  liis  point 
of  view  perhaps,  justifiable,  for  he  only  desires  to  secure  at  once  what 
is  most  profitable  in  the  forest.  But  for  the  farmer,  who  proposes  to  use 
his  wood  lot  continuously  for  supplies  of  this  kind,  it  is  a  method  detri- 
mental to  his  object,  and  in  time  it  leaves  him  with  a  lot  of  poor,  useless 
timber  which  encumbers  the  ground  and  prevents  the  growth  of  a 
better  crop. 

Our  woods  are  mostly  composed  of  many  species  of  trees;  they  are 
mixed  woods.  Some  of  the  species  are  valnable  for  some  special  pur- 
poses, others  are  applicable  to  a  variety  of  i)uri)oses,  and  again  others 
furnish  but  poor  material  for  anything  but  firewood,  and  even  for  that 
use  they  may  not  be  of  the  best. 
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Among  the  most  valuable  in  the  northeastern  woods  we  should  men- 
tion the  white  pine — king  of  all — the  white  ash,  white  and  chestnut  oak, 
hickories,  tulip  tree,  black  walnut,  and  black  cherry,  the  last  three  being 
now  nearly  exhausted ;  next,  spruce  and  hemlock,  red  pine,  sugar  maple, 
chestnut,  various  oaks  of  the  black  or  red  oak  tribe,  several  species  of 
ash  and  birch,  black  locust;  lastly,  elms  and  soft  maples,  basswood, 
poi)!ars,  and  sycamore. 

Now,  by  the  common  practice  of  culling  the  best  it  is  evident  that 
gradually  all  the  best  trees  of  the  best  kinds  are  taken  out,  leaving  only 
inferior  trees  or  inferior  kinds — the  weeds  among  trees,  if  one  may  call 
them  such — and  thus  the  wood  lot  becomes  well-nigh  useless. 

It  does  not  supply  that  for  which  it  was  intended;  the  soil,  which 
was  of  little  use  for  anything  but  a  timber  crop  before,  is  still  further 
deteriorated  under  this  treatment,  and  being  compacted  by  the  con- 
stant running  of  cattle,  the  starting  of  a  crop  of  seedlings  is  made 
nearly  impossible.  It  would  not  pay  to  turn  it  into  tillage  ground  or 
pasture ;  the  farm  has  by  so  much  lost  in  value.  In  other  words,  instead 
of  using  the  interest  on  his  capital,  interest  and  capital  have  been  used 
up  together;  the  goose  that  laid  the  golden  egg  has  been  killed. 

This  is  not  necessary  if  only  a  little  system  is  brought  into  the  man- 
agement of  the  wood  lot  and  the  smallest  care  is  taken  to  avoid  deteri- 
oration and  secure  reproduction. 

IMPROVEMENT    CUTTINGS. 

The  first  care  should  be  to  improve  the  crop  in^.its  composition. 
Instead  of  culling  it  of  its  best  material,  it  should  be  culled  of  its 
weeds,  the  poor  kinds,  which  we  do  not  care  to  reproduce,  and  which, 
like  all  other  weeds,  x^ropagate  themselves  only  too  readily.  This  weed- 
ing must  not,  however,  be  done  all  at  once,  as  it  could  be  in  a  field  crop, 
for  in  a  full-grown  piece  of  woodland  each  tree  has  a  value,  even  the 
weed  trees,  as  soil  cover. 

The  great  secret  of  success  in  all  crop  production  lies  in  the  regula- 
ting of  water  supplies ;  the  manuring  in  part  and  the  cultivating  entirely, 
as  well  as  drainage  and  irrigation,  are  means  to  this  end.  In  forestry 
these  means  are  usually  not  x)racticable,  and  hence  other  means  are 
resorted  to.  The  principal  of  these  is  to  keep  the  soil  as  much  as  pos- 
sible under  cover,  either  by  the  shade  which  the  foliage  of  the  tall  trees 
furnishes,  or  by  that  from  the  underbrush,  or  by  the  litter  which  accu- 
mulates and  in  decaying  forms  a  humus  cover,  a  m(»st  excellent  mulch. 

A  combination  of  these  three  conditions,  viz,  a  dense  crown  cover, 
woody  underbrush  where  the  crown  cover  is  interrupted,  and  a  heavy 
layer  of  well-decomposed  humus,  gives  the  best  result.  Under  such 
conditions,  first  of  all,  the  rain,  being  intercepted  by  the  foliage  and 
litter,  reaches  the  ground  oidy  gradually,  and  therefore  does  not  com- 
pact the  soil  as  it  does  in  the  open  field,  but  leaves  it  granular  and 
open,  so  that  the  water  can  readily  penetrate  and  move  in  the  soil. 
Secondly,  the  surface  evaporation  is  considerably  reduced  by  the  shade 
24 3 


488      YEARBOOK  OF  THE  U.  S.  DEPARTMENT  OF  AGRICULTURE. 

and  lack  of  air  circulation  in  the  dense  woods,  so  that  more  moisture 
remains  for  the  use  of  the  trees.  When  the  shade  of  the  crowns  over- 
head (the  so-called  ^*  crown  cover,"  or  "canopy,")  is  perfect,  but  little 
undergrowth  will  be  seen ;  but  where  the  crown  cover  is  interrupted  or 
imperfect,  an  undergrowth  will  appear.  If  this  is  composed  of  young 
trees,  or  even  shrubs,  it  is  an  advantage,  but  if  of  weeds,  and  especially 
grass,  it  is  a  misfortune,  because  these  transpire  a  great  deal  more  water 
than  the  woody  plants  and  allow  the  soil  to  deteriorate  in  structure  and 
therefore  in  water  capacity. 

Some  weeds  and  grasses,  to  be  sure,  are  capable  of  existing  where 
but  little  light  reaches  the  soil.  When  they  appear  it  is  a  sign  to  the 
forester  that  he  must  be  careful  not  to  thin  out  the  crown  cover  any 
more.  When  the  more  light-needing  weeds  and  grasses  appear  it  is  a 
sign  that  too  much  light  reaches  the  ground,  and  that  the  soil  is  already 
deteriorated.  If  this  state  continues,  the  heavy  drain  which  the  tran- 
spiration of  these  weeds  makes  upon  the  soil  moisture,  without  any 
appreciable  conservative  action  by  their  shade,  will  injure  the  soil  still 
further. 

The  overhead  shade  or  crown  cover  may  be  imperfect  because  there 
are  not  enough  trees  on  the  ground  to  close  up  the  interspaces  with 
their  crowns,  or  else  because  the  kinds  of  trees  which  make  up  the 
forest  do  not  yield  much  shade;  thus  it  can  easily  be  observed  that  a 
beech,  a  sugar  maple,  a  hemlock,  is  so  densely  foliaged  that  but  little 
light  reaches  the  soil  through  its  crown  canopy,  while  an  ash,  an  oak, 
a  larch,  when  full  grown,  in  the  forest,  allows  a  good  deal  of  light  to 
penetrate. 

Hence,  in  our  weeding  process  for  the  improvement  of  the  wood  crop, 
we  must  be  careful  not  to  interrupt  the  crown  cover  too  much,  and 
thereby  deteriorate  the  soil  conditions.  And  for  the  same  reason,  in 
the  selection  of  the  kinds  that  are  to  be  left  or  to  be  taken  out,  we 
shall  not  only  consider  their  use  value  but  also  their  shading  value, 
trying  to  bring  about  such  a  mixture  of  shady  and  less  shady  kinds  as 
will  insure  a  continuously  satisfactory  crown  cover,  the  shade-enduring 
kinds  to  occupy  the  lower  stratum  in  the  crown  canopy,  and  to  be  more 
numerous  than  the  light-needing. 

The  forester,  therefore,  watches  first  the  conditions  of  his  soil  cover, 
and  his  next  care  is  for  the  condition  of  the  overhead  shade,  the  "crown 
cover;"  for  a  change  in  the  condition  of  the  latter  brings  change  into 
his  soil  conditions,  and,  inversely,  from  the  changes  in  the  plant  cover  of 
the  soil  he  judges  whether  he  may  or  may  not  change  the  light  condi- 
tions. The  changes  of  the  soil  cover  teach  him  more  often  when  "to  let 
alone"  than  when  to  go  on  with  his  operations  of  thinning  out;  that 
is  to  say,  he  can  rarely  stop  short  of  that  condition  which  is  most  favor- 
able. Hence  the  improvement  cuttings  must  be  made  with  caution 
and  only  very  gradually,  so  that  no  deterioration  of  the  soil  conditions 
be  invited.    We  have  repeated  this  injunction  again  and  again,  because 
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all  success  in  the  managemeut  of  future  wood  crops  depends  upon  the 
care  bestowed  upon  the  maintenance  of  favorable  soil  conditions. 

As  the  object  of  this  weeding  is  not  only  to  remove  the  undesirable 
kinds  from  the  present  crop,  but  to  prevent  as  much  as  possible  their 
reappearance  in  subsequent  crops,  it  maybe  advisable  to  cut  such  kinds 
as  sprout  readily  from  the  stump  in  summer  time — June  or  July — when 
the  stumi)S  are  likely  to  die  without  sprouting. 

It  may  take  several  years^  cutting  to  bring  the  composition  of  the 
main  crop  into  such  a  condition  as  to  satisfy  us. 

METHODS  OF  REPRODUCING  THE  WOOD  CROP. 

Then  comes  the  period  of  utilizing  the  main  crop.  As  we  propose  to 
keep  the  wood  lot  as  such,  and  desire  to  reproduce  a  satisfactory  wood 
crop  in  place  of  the  old  one,  this  latter  must  be  cut  always  with  a  view 
to  that  reproduction.  There  are  various  methods  pursued  for  this  pur- 
pose in  large  forestry  operations  which  are  not  practicable  on  small 
areas,  especially  when  these  are  expected  to  yield  only  small  amounts 
of  timber,  and  these  little  by  little  as  required.  It  is  i)ossible,  to  be 
sure,  to  cut  the  entire  crop  and  replant  a  new  one,  or  else  to  use  the  ax 
skillfully  and  bring  about  a  natural  reproduction  in  a  few  years;  but 
we  want  in  the  present  case  to  lengthen  out  the  period  during  which 
the  old  crop  is  cut,  and  hence  must  resort  to  other  methods.  There  are 
three  methods  practicable. 

We  may  clear  narrow  strips  or  bands  entirely,  expecting  the  neighbor- 
ing growth  to  furnish  the  seed  for  covering  the  strip  with  a  new  crop — 
"the  strip  method;"  or  we  can  take  out  single  trees  here  and  there, 
relying  again  on  an  after  growth  from  seed  shed  by  the  surrounding 
trees — the  "selection  method;"  or,  finally,  instead  of  single  trees,  we 
may  cut  entire  groups  of  trees  here  and  there  in  the  same  manner,  the 
gaps  to  be  filled,  as  in  the  other  cases,  with  a  young  crop  from  the  seed 
of  the  surroundinjg  trees,  and  this  we  may  call  the  "  group  method." 

In  the  strip  method,  in  order  to  secure  sufficient  seeding  of  the  cleared 
strip,  the  latter  must  not  be  so  broad  that  the  seed  from  the  neighbor- 
ing growth  can  not  be  carried  over  it  by  the  wind.  In  order  to  get  the 
best  results  from  the  carrying  power  of  the  wind  (as  well  as  to  avoid 
windfalls  when  the  old  growth  is  suddenly  opened  on  the  windward  side) 
the  strips  should  be  located  on  the  side  opj)osite  the  prevailing  winds. 
Oaks,  beech,  hickory,  and  nut  trees  in  general  with  heavy  seeds  will  not 
seed  over  any  considerable  breadth  of  strip,  while  with  maple  and  ash 
the  breadth  may  be  made  twice  as  great  as  the  height  of  the  timber,  and 
the  mother  trees  with  lighter  seeds,  like  spruce  and  pine,  or  birch  and 
elm,  maybe  able  to  cover  strips  of  a  breadth  of  3  or  4  and  even  8  times 
their  height.  But  such  broad  strips  are  hazardous,  since  with  insuffi- 
cient seed  fall,  or  fail  years  in  the  seed,  the  strip  may  remain  exposed 
to  sun  and  wind  for  several  years  without  a  good  cover  and  deteriorate. 
It  is  safer,  therefore,  to  make  the  strips  no  broader  than  just  the  height 
of  the  neighboring  timber,  in  which  case  not  only  has  the  seed  better 
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chance  of  covering  the  ground,  but  the  soil  and  seedlings  have  more 
protection  from  the  mother  crop.  In  hilly  country  the  strips  must  not 
be  made  in  the  direction  of  the  slope,  for  the  water  would  wash  out  soil 
and  seed. 

Every  year,  then,  or  from  time  to  time,  a  new  strip  is  to  be  cleared  and 
"regenerated."  But  if  the  first  strip  failed  to  cover  itself  satisfactorily, 
the  operation  is  stopped,  for  it  would  be  unwise  to  remove  the  seed  trees 
further  by  an  additional  clearing.     Accordingly, this  method  should  be 


Fig.  128.— Showing  plan  of  group  systera  in  regenerating  a  forest  crop.  1,  2. 3, 4,  succes- 
sive  groups  of  young  timber,  1  being  tUe  oldoat,  4  the  youngest,  5  old  limber;  a, wind 
mantle,  Hpecially  managed  to  secure  protection. 

used  only  where  the  kinds  composing  the  mother  crop  are  frequent  and 
abundant  seeders  and  give  assurance  of  reseeding  the  strips  quickly 
and  successfully. 

The  other  two  methods  have  greater  chances  of  success  in  that  they 
preserve  the  soil  conditions  more  surely,  and  there  is  more  assurance  of 
seeding  from  tlie  neighboring  trees  on  all  sides. 

The  selection  method^  by  which  single  trees  are  taken  out  all  over  the 
forest,  is  the  same  as  has  been  practiced  by  the  farmer  and  lumberman 
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liithertOjOnly  they  have  forgotten  to  look  after  the  young  crop.  Millions 
of  seed  may  fall  to  the  ground  and  germinate,  but  perish  from  the  exces- 
sive shade  of  the  mother  trees.  If  we  wish  to  be  successful  in  estab- 
lishing a  new  crop,  it  will  be  necessary  to  be  ready  with  the  ax  all  the 
time  and  give  light  as  needed  by  the  young  crop.  The  openings  made 
by  taking  out  single  trees  are  so  small  that  there  is  great  danger  of  the 
young  crop  being  lost,  or  at  least  impeded  in  its  development,  because 
it  is  impracticable  to  come  in  time  to  its  relief  with  the  ax. 

The  best  method,  therefore,  in  all  respects,  is  the  '•^  group  method.,'''' 
which  not  only  secures  continuous  soil  cover,  chances  for  full  seeding, 
and  more  satisfactory  light  conditions,  but  requires  less  careful  atten- 
tion, or  at  least  permits  more  freedom  of  movement  and  adaptation  to 
local  conditions  (fig.  128). 

It  is  especially  adapted  to  mixed  woods,  as  it  permits  securing  for  each 
species  the  most  desirable  light  conditions  by  making  the  openings  larger 
or  smaller,  according  as  the  species  we  wish  to  favor  in  a  particular  group 
demand  more  or  less  shade.  Further,  when  different  species  are  ripe 
for  regeneration  at  different  times,  this  plan  makes  it  possible  to  take 
them  in  hand  as  needed.  Again,  we  can  begin  with  one  group  or  we  can 
take  in  hand  several  groups  simultaneously,  as  may  be  desirable  and 
practicable. 

We  start  our  groups  of  new  crop  either  where  a  young  growth  is 
already  on  the  ground,  enlarging  around  it,  or  where  old  timber  has 
reached  its  highest  usefulness  and  should  be  cut  in  order  that  we  may 
not  lose  the  larger  growth  which  young  trees  would  make;  or  else  we 
choose  a  i)lace  which  is  but  poorly  stocked,  where,  if  it  is  not  regener- 
ated, the  soil  is  likely  to  deteriorate  further.  The  choice  is  affected 
further  by  the  consideration  that  dry  situations  should  be  taken  in  hand 
earlier  than  those  in  which  the  soil  and  site  are  more  favorable,  and 
that  some  species  reach  maturity  and  highest  use  value  earlier  than 
others  and  should  therefore  be  reproduced  earlier.  In  short,  we  begin 
the  regeneration  when  and  where  the  necessity  for  it  exists,  or  where 
the  young  crop  has  the  best  chance  to  start  most  satisfactorily  with  the 
least  artificial  aid.  Of  course,  advantage  should  be  taken  of  the  occur- 
rence of  seed  years,  which  come  at  different  intervals  with  different 
species. 

If  we  begin  with  a  group  of  young  growth  already  on  the  ground, 
our  plan  is  to  remove  gradually  the  old  trees  standing  over  them  when 
no  longer  required  for  shade,  and  then  to  cut  away  the  adjoining  old 
growth  and  enlarge  the  opening  in  successive  narrow  bands  around 
the  young  growth.  When  the  first  band  has  seeded  itself  satislac- 
torily,  and  the  young  growth  has  come  to  require  more  light  (which 
may  take  several  years),  we  remove  another  band  around  it,  and  thus 
the  regeneration  progresses.  Where  no  young  growth  already  exists, 
of  course  the  first  opening  is  made  to  afford  a  start,  and  afterwards  the 
enlargement  follows  as  occasion  requires. 
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SIZE   OF  OPENINGS. 

The  size  of  the  openings  and  tlie  rapidity  with  which  they  should  be 
enlarged  vary,  of  course,  with  local  conditions  and  the  species  which  is 
to  be  favored,  the  light-needing  species  requiring  larger  openings  and 
quicker  light  additions  than  the  shade-enduring.  It  is  difficult  to  give 
any  rules,  since  the  modifications  due  to  local  conditions  are  so  mani- 
fold, requiring  observation  and  judgment.  Caution  in  not  opening  too 
much  at  a  time  and  too  quickly  may  avoid  failure  in  securing  good  stands. 

In  general,  the  first  openings  may  contain  from  one-fourth  to  one-half 
an  acre  or  more,  and  the  gradual  enlarging  may  progress  by  clearing 
bands  of  a  breadth  not  to  exceed  the  height  of  the  surrounding  timber. 

The  time  of  the  year  when  the  cutting  is  to  be  done  is  naturally  in 
winter,  when  the  farmer  has  the  most  leisure,  and  when  the  wood  sea- 
sons best  after  felling  and  is  also  most  readily  moved.  Since  it  is 
expected  that  the  seed  fallen  in  the  autumn  will  sprout  in  the  spring, 
all  wood  should,  of  course,  be  removed  from  the  seed  ground. 

The  first  opening,  as  well  as  the  enlargement  of  the  groups,  should 
not  be  made  at  once,  but  by  gradual  thinning  out,  if  the  soil  is  not  in 
good  condition  to  receive  and  germinate  the  seed  and  it  is  impractica- 
ble to  put  it  in  such  condition  by  artificial  means — hoeing  or  plowing. 

It  IS,  of  course,  quite  practicable — nay,  sometimes  very  desirable — to 
prepare  the  soil  for  the  reception  and  germination  of  the  seed.  Where 
undesirable  undergrowth  has  started,  it  should  be  cut  out,  and  where 
the  soil  is  deteriorated  with  weed  growth  or  compacted  by  the  tramping 
of  cattle,  it  should  be  hoed  or  otherwise  scarified,  so  that  the  seed  may 
find  favorable  conditions.  To  let  pigs  do  the  plowing  and  the  covering 
of  acorns  is  not  an  uncommon  x)ractice  abroad. 

It  is  also  quite  proper,  if  the  reproduction  from  the  seed  of  the  sur- 
rounding mother  trees  does  not  progress  satisfactorily,  to  assist,  when 
an  opportunity  is  afforded,  by  planting  such  desirable  species  as  were 
or  were  not  in  the  composition  of  the  original  crop. 

It  may  require  ten,  twenty, or  forty  years  or  more  to  secure  the  repro- 
duction of  a  wood  lot  in  this  way.  A  new  growth,  denser  and  better 
than  the  old,  with  timber  of  varying  age,  will  be  the  result.  The  prog- 
ress of  the  regeneration  in  groups  is  shown  on  the  accompanying  plan, 
the  different  shadings  showing  the  successive  additions  of  young  crop, 
the  darkest  denoting  the  oldest  parts,  first  regenerated.  If  we  should 
make  a  section  through  any  one  of  the  groups,  this,  ideallj^  represented, 
would  be  like  figure  129,  the  old  growth  on  the  outside,  the  youngest 
new  crop  adjoining  it,  and  tiers  of  older  growths  of  varying  height 
toward  the  center  of  the  group. 

WIND  MANTLE. 

On  the  plan  there  will  be  noted  a  strip  specially  shaded,  surrounding 
the  entire  plat  (fig.  128,  a),  representing  a  strip  of  timber  which  should 
surround  the  fanner's  wood  lot,  and  which  he  should  keep  as  dense  as 
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possible,  especially  favoring  undergrowth.  This  part,  if  practicable, 
should  be  kept  reproduced  as  coppice  or  by  the  method  of  selection, 
i.  e.,  by  taking  out  trees  here  and  there.  When  gaps  are  made,  they 
should  be  filled,  if  possible,  by  introducing  shade-enduring  kinds,  which, 
like  the  si)ruces  and  firs  and  beech,  retain  their  branches  down  to  the 
foot  for  a  long  time.  This  mantle  is  intended  to  protect  the  interior 
against  the  drying  influence  of  winds,  which  are  bound  to  enter  the 
small  wood  lot  and  deteriorate  the  soil.  The  smaller  the  lot,  the  more 
necessary  and  desirable  it  is  to  maintain  such  a  protective  cover  or 
windbreak. 


Old  timber. 


Sd. 


2d. 


Sd. 


Old  timber. 


1st  cutting.  2d. 

¥ui.  129.— Appearance  of  regeueration  bj'  group  method. 

COPPICE. 


Besides  reproducing  a  wood  crop  from  the  seed  of  mother  trees  or  by 
planting,  there  is  another  reproduction  possible  by  sprouts  from  the 
stump.  This,  to  be  sure,  can  be  done  only  with  broad-leafed  species, 
since  conifers,  with  but  few  exceptions,  do  not  sprout  from  the  stump. 
When  a  wood  lot  is  cut  over  and  over  again,  the  reproduction  taking 
place  by  such  sprouts  we  call  coppice. 

Most  wooded  areas  in  the  Eastern  States  have  been  so  cut  that  repro- 
duction from  seed  could  not  take  place,  and  hence  we  have  large  areas 
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of  coppice,  with  very  few  seedling  trees  interspersed.  As  we  have  seen 
in  the  chapter  on  "How  trees  grow,"  the  sprouts  do  not  develop  into 
as  good  trees  as  the  seedlings.  They  grow  faster,  to  be  sure,  in  the 
beginning,  but  do  not  grow  as  tall  and  are  apt  to  be  shorter  lived. 

For  the  production  of  firewood,  fence,  and  post  material,  coppice  man- 
agement may  suffice,  but  not  for  dimension  timber.  And  even  to  keep 
the  coppice  in  good  reproductive  condition,  care  should  be  taken  to 
secure  a  certain  proportion  of  seedling  trees,  since  the  old  stumps,  after 
repeated  cutting,  fail  to  sprout  and  die  out. 

Soil  and  climate  influence  the  success  of  the  coppice;  shallow  soils 
produce  weaker  but  more  numerous  sprouts  and.  are  more  readily  dete- 
riorated by  the  repeated  laying  bare  of  the  soil;  a  mild  climate  is  most 
favorable  to  a  continuance  of  the  reproductive  power  of  the  stump. 

Some  species  sprout  more  readily  than  others;  hence  the  composition 
of  the  crop  will  change,  unless  attention  is  paid  to  it.  In  the  coppice, 
as  in  any  other  management  of  a  natural  wood  crop  a  desirable  com- 
position must  first  be  secured,  which  is  done  by  timely  imi^rovement 
cuttings,  as  described  in  a  jirevious  section. 

The  best  trees  for  coi)pice  in  the  northeastern  States  are  the  chest- 
nut, various  oaks,  hickory,  ash,  elm,  maples,  basswood,  and  black  locust, 
which  are  all  good  sprouters. 

When  cutting  is  done  for  reproduction,  the  time  and  manner  are  the 
main  care.  The  best  results  are  probably  obtained,  both  financially 
and  with  regard  to  satisfactory  leproduction,  when  the  coppice  is  cut 
between  the  twentieth  and  thirtieth  years.  All  cutting  must  be  done 
in  early  spring  or  in  winter,  avoiding,  however,  days  of  severe  Irost, 
which  is  apt  to  sever  the  bark  from  the  trunk  and  to  kill  the  cambium. 
Cutting  in  summer  kills  the  stump,  as  a  rule.  The  cut  should  be  made 
slanting  downward,  and  as  smooth  as  possible,  to  prevent  collection  of 
moisture  on  the  stump  and  the  resulting  decay,  and  as  close  as  possible 
to  the  ground,  where  the  stumj)  is  less  exposed  to  injuries,  and  the  new 
sprouts,  starting  close  to  the  ground,  may  strike  independent  roots. 

Fail  places  or  gaps  should  be  filled  by  i)lanting.  This  can  be  readily 
done  by  bending  to  the  ground  some  of  the  neighboring  sprouts,  when  2 
to  3  years  old,  notching,  fastening  them  down  with  a  wooden  hook  or 
a  stone,  and  covering  them  with  soil  a  short  distance  (4  to  G  inches) 
from  the  end.  The  sprout  will  then  strike  root,  and  after  a  year  or  so 
may  be  severed  from  the  mother  stock  by  a  sharp  cut  (tig.  130); 

For  the  recuperation  of  the  crop,  it  is  desiiable  to  maintain  a  supply 
of  seedling  trees,  whi(;h  jnay  be  secured  eitlier  by  the  natnral  seeding  of 
a  few  mother  trees  of  the  old  crop  which  are  left,  or  by  i)lanting.  This 
kind  of  management,  coi)pice  with  seedling  or  standard  trees  inter- 
mixed, if  the  latter  are  left  regnlarly  and  well  distributed  over  the 
wood  lot,  leads  to  a  management  called  "standard  coppice."  In  this 
it  is  attempted  to  avoid  the  drawbacks  of  the  coppice,  viz,  failure  to 
produce  dimension  material  and  running  out  of  the  stocks.     The  former 
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object  is,  however,  only  partially  accomplished,  as  the  trees  grown  with- 
out sufficient  side  shading  are  apt  to  produce  branchy  boles  and  hence 
knotty  timber,  besides  injuring  the  coppice  by  their  shade. 

PLAN   OF  MANAGEMENT. 

In  order  to  harmonize  the  requirements  of  the  wood  lot  from  a  sylvi- 
cultural  point  of  view,  and  the  needs  of  the  farmer  for  wood  supplies, 
the  cutting  must  follow  some  systematic  plan. 

The  improvement  cuttings  need  not,  in  point  of  time,  have  been  made 
all  over  the  lot  before  beginning  the  cuttings  for  regeneration,  i^rovided 
they  have  been  made  in  those  parts  which  are  to  be  regenerated.  Both 
the  cuttings  may  go  on  simultaneously,  and  this  enables  the  farmer  to 
gauge  the  amount  of  cutting  to  his  consumption.    According  to  the 


Fig.  130. — Method  of  layering  to  produce  new  stocks  in  coppice  wood. 

amount  of  wood  needed,  one  or  more  groups  may  be  started  at  the  same 
time.  It  is,  however,  desirable,  for  the  sake  of  renewing  the  crop 
systematically,  to  arrange  the  groups  in  a  regular  order  over  the  lot. 


4.   HOW   TO   CULTIVATE   THE   WOOD    CROP. 

Where  only  firewood  is  desired,  i.  e.,  wood  without  special  form,  size, 
or  (juality,  no  attention  to  the  croj^  is  necessary,  except  to  insure  that 
it  covers  the  ground  completely.  Nevertheless,  even  in  such  a  crop, 
which  is  usually  managed  as  coppice,^  some  of  the  operations  described 
in  this  chapter  may  prove  advantageous.  Where,  however,  not  only 
quantity  but  uselul  quality  of  the  crop  is  also  to  be  secured,  the  develop- 
ment of  the  wood  crop  may  be  advantageously  intluenced  by  controlling 
the  supply  of  light  available  to  the  individual  trees. 

'  See  page  493  for  description  of  coppice. 
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It  may  be  proper  to  repeat  here  briefly  what  has  been  explained  in 
previous  pages  regarding  the  influence  of  light  on  tree  development 

EFFECT   OF  LIGHT   ON  WOOD  PRODUCTION. 

Dense  shade  preserves  soil  moisture,  the  most  essential  element  for 
wood  production  J  a  close  stand  of  suitable  kinds  of  trees  secures  this 
shading  and  prevents  the  surface  evaporation  of  soil  moisture,  making 
it  available  for  wood  production.  But  a  close  stand  also  cuts  off'  side 
light  and  confines  the  lateral  growing  space,  and  hence  prevents  the 
development  of  side  branches  and  forces  the  growth  energy  of  the  soil 
to  expend  itself  in  height  growth;  the  crown  is  carried  up,  and  long, 
cylindrical  shafts,  clear  of  branches,  are  developed ;  a  close  stand  thus 
secures  desirable  form  and  quality.  Yet,  since  the  quality  of  wood  pro- 
duction or  accretion  (other  things  being  equal)  is  in  direct  proportion 
to  the  amount  of  foliage  and  the  available  light,  and  since  an  open 
position  i)romotes  the  development  of  a  larger  crown  and  of  more  foli- 
age, an  open  stand  tends  to  secure  a  larger  amount  of  wood  accretion 
on  each  tree.  On  the  other  hand,  a  tree  grown  in  the  open,  besides 
producing  more  branches,  deposits  a  larger  proportion  of  wood  at  the 
base,  so  that  the  shape  of  the  bole  becomes  more  conical,  a  form  which 
in  sawing  proves  unprofitable  j  whereas  a  tree  grown  in  the  dense  for- 
est both  lengthens  its  shaft  at  the  expense  of  branch  growth  and  makes 
a  more  even  deposit  of  wood  over  the  whole  trunk,  thus  attaining  a  more 
cylindrical  form.  While,  then,  the  total  amount  of  wood  production  per 
acre  may  be  as  large  in  a  close  stand  of  trees  as  in  an  open  one  (within 
limits),  the  distribution  of  this  amount  among  a  larger  or  smaller  num- 
ber of  individual  trees  produces  different  results  in  the  quality  of  the 
crop.  And  since  the  size  of  a  tree  or  log  is  important  in  determining 
its  usefulness  and  value,  the  sooner  the  individual  trees  reach  useful 
size,  without  suffering  in  other  points  of  quality,  the  more  profitable  the 
whole  crop. 

NUMBER  OF  TREES  PER  ACRE. 

The  care  of  the  forester,  then,  should  be  to  maintain  the  smallest 
number  of  individuals  on  the  ground  which  will  secure  the  greatest 
amount  of  wood  growth  in  the  most  desirable  form  of  which  the  soil 
and  climate  are  capable,  without  deteriorating  the  soil  conditions.  He 
tries  to  secure  the  most  advantageous  individual  development  of  sin- 
gle trees  without  suffering  the  disadvantages  resulting  from  too  open 
stand.  The  solution  of  this  problem  requires  the  greatest  skill  and 
judgment,  and  rules  can  hardly  be  formulated  with  precision,  since  for 
every  species  or  combination  of  species  and  conditions  these  rules 
must  be  modified. 

In  a  well-established  young  crop  the  number  of  seedlings  per  acre 
varies  greatly,  from  3,000  to  100,000,  according  to  soil,  species,  and 
the  manner  in  which  it  originated,  whether  planted,  sown,  or  seeded 
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naturally.^  Left  to  themselves,  the  seedliDgs,  as  they  develop,  begin  to 
crowd  each  other.  At  first  this  crowding  results  only  in  increasing 
the  height  growth  and  in  i)reventing  the  spread  and  full  development 
of  side  branches;  by  and  by  tlie  lower  branches  failing  to  receive  suf- 
cient  light  finally  die  and  break  off— the  shaft  "clears  itself."  Then  a 
distinct  development  of  definite  crowns  takes  place,  and  after  some 
years  a  difference  of  height  growth  in  different  individuals  becomes 
marked.  Not  a  few  trees  fail  to  reach  the  general  upper  crown  surface, 
and,  being  more  or  less  overtopped,  we  can  readily  classify  them  accord- 
ing to  height  and  development  of  crown,  the  su])erior  or  "dominating" 
ones  growing  more  and  more  vigorously,  the  inferior  or  "dominated" 
trees  falling  more  and  more  behind,  and  finally  dying  for  lack  of  light, 
and  thus  a  natural  reduction  in  numbers,  or  thinning,  takes  place.  Tliis 
natural  thinning  goes  on  with  varying  rates  at  different  ages  continu- 
ing through  the  entire  life  of  the  crop,  so  that,  while  only  4,000  trees 
per  acre  may  be  required  in  the  tenth  year  to  make  a  dense  crown  cover 
or  normally  close  stand,  untouched  by  man,  in  the  fortieth  year  1,200 
would  suffice  to  make  the  same  dense  cover,  in  the  eightieth  year  350 
would  be  a  full  stand,  and  in  the  one  hundredth  not  more  than  250, 
according  to  soil  and  species,  more  or  less.  As  we  can  discern  three 
stages  in  the  development  of  a  single  tree — the  juvenile,  adolescent, 
and  mature — so,  in  the  development  of  a  forest  growth,  we  may  distin- 
guish three  corresponding  stages,  namely,  the  "thicket"  or  brushwood, 
the  "pole- wood"  or  sapling,  and  the  "timber"  stage.  During  the 
thicket  stage,  in  which  the  trees  have  a  bushy  appearance,  allowing 
hardly  any  distinction  of  stem  and  crown,  the  height  growth  is  most 
rapid.  This  period  may  last,  according  to  conditions  and  species,  from 
5  or  10  to  30  and  even  40  years — longer  on  poor  soils  and  with  shade- 
enduring  species,  shorter  with  light-needing  species  on  good  soils — and, 
w^hile  it  lasts,  it  is  in  the  interest  of  the  wood  grower  to  maintain  the 
close  stand,  which  produces  the  long  shaft,  clear  of  branches,  on  which 
at  a  later  period  the  wood  that  makes  valuable,  clear  timber,  may 
accumulate.  Form  development  is  now  most  important.  The  lower 
branches  are  to  die  and  break  off  before  they  become  too  large.  (See 
illustrations  of  the  progress  of  "clearing,"  on  i^p.  473  and  474.)  With 
hght-needing  species  and  with  deciduous  trees  generally  this  dying  off 
is  accompUshed  more  easily  than  with  conifers.  The  spruces  and  even 
the  white  pine  require  very  dense  shading  to  "clear"  the  shaft.  Dur- 
ing this  period  it  is  only  necessary  to,  weed  out  the  undesirable  kinds, 
such  as  trees  infested  by  insect  and  fungus,  shrubs,  sickly,  stunted,  or 
bushy  trees  which  are  apt  to  overtop  and  prevent  the  development  of 
their  better  neighbors.  In  short,  our  attention  is  now  devoted  mainly 
to  improving  the  composition  of  the  crop. 

'If  the  crop  does  not,  at  3  to  5  years  of  age,  shade  the  ground  well,  with  a  complete 
crown  cover,  or  canopy,  it  can  not  be  said  to  be  well  established  and  should  be  lilled 
out  by  planting. 
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WEEDING  AND  CLEANING  THE  CROP. 

This  weeding  or  cleaning  is  easily  done  with  shears  when  the  crop  is 
from  3  to  5  years  old.  Later,  mere  cutting  back  of  the  undesirable  trees 
with  a  knife  or  hatchet  may  be  practiced.  In  well-made  artificial  plan- 
tations this  weeding  is  rarely  needed  until  about  the  eighth  or  tenth 
year.  But  in  natural  growths  the  young  crop  is  sometimes  so  dense 
as  to  inordinately  interfere  with  the  development  of  the  individual 
trees.  The  stems  then  remain  so  slender  that  there  is  danger  of  their 
being  bent  or  broken  by  storm  or  snow  when  the  growth  is  tliinned  out 
later.  In  such  cases  timely  thinning  is  indicated  to  stimulate  more 
rapid  development  of  the  rest  of  the  crop.  This  can  be  done  most 
cheaply  by  cutting  swaths  or  lanes  one  yard  wide  and  as  far  apart 
through  the  crop,  leaving  strips  standing.  The  outer  trees  of  the  strip, 
at  least,  will  then  shoot  ahead  and  become  the  main  crop.  These  weed- 
ing or  improvement  cuttings,  which  must  be  made  gradually  and  be 
repeated  every  two  or  three  years,  are  best  performed  during  the  sum- 
mer months,  or  in  August  and  September,  when  it  is  easy  to  judge  what 
should  be  taken  out. 

METHODS   OF  THINNING. 

During  the  "thicket"  stage,  then,  which  may  last  from  10  to  25  and 
more  years,  the  crop  is  gradually  brought  into  proper  composition  and 
condition.  When  the  ^' pole- wood"  stage  is  reached,  most  of  the  sap- 
lings being  now  from  3  to  6  inches  in  diameter  and  from  15  to  25  feet 
in  height,  the  variation  in  sizes  and  in  appearance  becomes  more  and 
more  marked.  Some  of  the  taller  trees  begin  to  show  a  long,  clear 
shaft  and  a  definite  crown.  The  trees  can  be  more  or  less  readily 
classified  into  height  and  size  classes.  The  rate  at  which  the  height 
growth  has  progressed  begins  to  fall  off  and  diameter  growth  increases. 
Kow  comes  the  time  when  attention  must  be  given  to  increasing  this 
diameter  growth  by  reducing  the  number  of  individuals  and  thus  having 
all  the  wood  which  the  soil  can  produce  deposited  on  fewer  individuals. 
This  is  done  by  judicious  and  often  repeated  thinning,  taking  out  some 
of  the  trees  and  thereby  giving  more  light  and  increasing  the  foliage  of 
those  remaining  J  and  as  the  crowns  expand,  so  do  the  trunks  increase 
their  diameter  in  direct  proportion.  These  thinnings  must,  however, 
be  made  cautiously  lest  at  the  same  time  the  soil  is  exposed  too  much, 
or  the  branch  growth  of  those  trees  which  are  to  become  timber  wood 
is  too  much  stimulated.  So  varying  are  the  conditions  to  be  considered, 
according  to  soil,  site,  species,  and  development  of  the  crop,  that  it  is 
well-nigh  impossible,  without  a  long  and  detailed  discussion,  to  lay 
down  rules  for  the  proper  procedure.  In  addition  the  opinions  of  author- 
ities differ  largely  both  as  to  manner  and  <legroe  of  thinning,  the  old 
school  advising  moderate,  and  the  new  school  severer  thinnings. 
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For  the  farmer,  who  cau  give  personal  attention  to  detail  and  whose 
object  is  to  grow  a  variety  of  sizes  and  kinds  of  wood,  the  following 
general  method  may  perhaps  be  most  useful: 

First  determine  which  trees  are  to  be  treated  as  the  main  crop  or 
^' final  harvest"  crop.  For  this  300  to  500  trees  per  acre  of  the  best 
grown  and  most  useful  kinds  may  be  selected,  which  should  be  dis- 
tributed as  uniformly  as  possible  over  the  acre.  These,  then— or  as 
many  as  may  live  till  the  final  harvest — are  destined  to  grow  into 
timber  and  are  to  form  the  special  favorites  as  much  as  possible.  They 
may  at  first  be  marked  to  insure  recognition;  later  on  they  will  be 
readily  distinguished  by  their  superior  development.  The  rest,  which 
we  will  call  the ''subordinate"  crop,  is  then  to  serve  merely  as  filler, 
nurse,  and  soil  cover. 

WHAT   TREES   TO   REMOVE. 

It  is  now  necessary,  by  careful  observation  of  the  surroundings  of 
each  of  the  "final  harvest"  crop  trees,  or  '* superiors,"  as  we  may  call 
them,  to  determine  what  trees  of  the  "subordinate"  crop  trees,  or 
"inferiors,"  must  be  removed.  All  nurse  trees  that  threaten  to  overtop 
the  superiors  must  either  be  cut  out  or  cut  back  and  topped,  if  that  is 
practicable,  so  that  the  crown  of  the  superiors  can  develop  freely. 
Those  that  are  only  narrowing  in  the  superiors  from  the  side,  without 
preventing  their  free  top  development,  need  not  be  interfered  with, 
especially  while  they  are  still  useful  in  preventing  the  formation  and 
spreading  of  side  branches  on  the  superiors.  As  soon  as  the  latter 
have  fully  cleared  their  shafts,  these  crowding  inferiors  must  be  removed. 
Care  must  be  taken,  however,  not  to  remove  too  many  at  a  time,  thus 
opening  the  crown  cover  too  severely  and  thereby  exposing  the  soil  to 
the  drying  influence  of  the  sun.  Gradually,  as  the  crowns  of  inferiors 
standing  farther  away  begin  to  interfere  with  those  of  the  superiors, 
the  inferiors  are  removed,  and  thus  the  full  effect  of  the  light  is  secured 
in  the  accretion  of  the  main  harvest  crop ;  at  the  same  time  the  branch 
growth  has  been  prevented  and  the  soil  has  been  kept  shaded.  Mean- 
while thinnings  may  also  be  made  in  the  subordinate  crop,  in  order  to 
secure  also  the  most  material  from  this  part  of  the  crop.  This  is  done 
by  cutting  out  all  trees  that  threaten  to  be  killed  by  their  neighbors. 
In  this  way  many  a  useful  stick  is  saved  and  the  dead  material,  only 
good  for  firewood,  lessened.  It  is  evident  that  trees  which  in  the  strug- 
gle for  existence  have  fallen  behind,  so  as  to  be  overtopped  by  their 
neighbors,  can  not,  either  by  their  presence  or  by  their  removal,  influ- 
ence the  remaining  growth.  They  are  removed  only  in  order  to  utilize 
their  wood  before  it  decays. 

It  may  be  well  to  remark  again  that  an  undergrowth  of  woody  plants 
interferes  in  no  way  with  the  development  of  the  main  crop,  but,  on  the 
contrary,  aids  by  its  shade  in  preserving  favorable  moisture  conditions. 
Its  existence,  however,  shows  in  most  cases  that  the  crown  cover  is  not 
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as  dense  as  it  should  be,  and  hence  that  thinning  ia  not  required. 
Grass  and  weed  growth,  on  the  other  hand,  is  emphatically  disadvan- 
tageous and  shows  that  the  crown  cover  is  dangerously  open. 

The  answer  to  the  three  questions,  When  to  begin  the  thinnings, 
How  severely  to  thin,  and  How  often  to  repeat  the  operation,  must 
always  depend  upon  the  varying  appearance  of  the  growth  and  the 
necessities  in  each  case.  The  first  necessity  for  interference  may  arise 
with  light-needing  species  as  early  as  the  twelfth  or  fifteenth  year;  with 
shade-enduring,  not  before  the  twentieth  or  twenty-fifth  year.  The 
necessary  severity  of  the  thinning  and  the  repetition  are  somewhat 
interdependent.  It  is  better  to  thin  carefully  and  repeat  the  operation 
oftener  than  to  open  up  so  severely  at  once  as  to  jeopardize  the  soil 
conditions.  Especially  in  younger  growths  and  on  poorer  soil,  it  is 
best  never  to  open  a  continuous  crown  cover  so  that  it  could  not  close 
up  again  within  3  to  5  years;  rather  repeat  the  operation  oftener. 
Later,  when  the  trees  have  attained  heights  of  50  to  60  feet  and  clear 
boles  (which  may  be  in  40  to  50  years,  according  to  soil  and  kind)  the 
thinning  may  be  more  severe,  so  as  to  require  repetition  only  every 
6  to  10  years. 

The  condition  of  the  crown  cover,  then,  is  the  criterion  which  directs 
the  ax.  As  soon  as  the  crowns  again  touch  or  interlace,  the  time  has 
arrived  to  thin  again.  In  mixed  growths  it  must  not  be  overlooked 
that  light-needing  species  must  be  specially  protected  against  shadier 
neighbors.  Shade  enduring  trees,  such  as  the  spruces,  beech,  sugar 
maple,  and  hickories,  bear  overtopping  for  a  time  and  will  then  grow  vig- 
orously when  more  light  is  given,  while  light-needing  species,  like  the 
pines,  larch,  oaks,  and  ash,  when  once  suppressed,  may  never  be  able  to 
recover. 

Particular  attention  is  called  to  the  necessity  of  leaving  a  rather 
denser  "wind  mantle"  all  around  small  groves.  In  this  part  of  the 
grove  the  thinning  must  be  less  severe,  unless  coniferous  trees  on  the 
outside  can  be  encouraged  by  severe  thinning  to  hold  their  branches 
low  down,  thus  increasing  their  value  as  windbreaks. 

The  thinnings,  then,  while  giving  to  the  "final  harvest"  crop  all  the 
advantage  of  light  for  promoting  its  rapid  development  into  service- 
able timber  size,  furnish  also  better  material  from  the  subordinate  crop. 
At  GO  to  70  years  of  age  the  latter  may  have  been  entirely  removed  and 
only  the  originally  selected  "superiors"  remain  on  the  ground,  or  as 
many  of  them  as  have  not  died  and  been  removed;  250  to  400  of  these 
per  acre  will  make  a  perfect  stand  of  most  valuable  form  and  size,  ready 
for  the  final  harvest,  which  should  be  made  as  indicated  in  the  preceding 
chapter. 
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THE  RELATION  OF  FORESTS  TO  FARMS. 

By  B.  E.  Fernow, 
Chief  of  the  Divifiion  of  Forestry,  U.  S.  Department  of  Agriculture. 

That  all  things  in  nature  are  related  to  each  other  and  interde- 
pendent is  a  common  saying,  a  fact  doubted  by  nobody,  yet  often  for- 
gotten or  neglected  in  practical  life.  The  reason  is  partly  indifference 
and  partly  ignorance  as  to  the  actual  nature  of  the  relationship; 
hence  we  suffer,  deservedl}^  or  not. 

The  farmer's  business,  more  than  any  other,  perhaps,  depends  for 
its  success  upon  a  true  estimate  of  and  careful  regard  for  this  inter- 
relation. He  adapts  his  crop  to  the  nature  of  the  soil,  the  manner 
of  its  cultivation  to  the  changes  of  the  seasons,  and  altogether  he 
shapes  conditions  and  places  them  in  their  proper  relations  to  each 
other  and  adapts  himself  to  them. 

Soil,  moisture,  and  heat  are  the  three  factors  which,  if  properly 
related  and  utilized,  combine  to  produce  his  crops.  In  some  direc- 
tions he  can  control  these  factors  more  or  less  readily ;  in  others  they 
are  withdrawn  from  his  immediate  influence,  and  he  is  seemingly 
helpless.  He  can  maintain  the  fertility  of  the  soil  by  manuring,  by 
proper  rotation  of  crops,  and  by  deep  culture;  he  can  remove  surplus 
moisture  by  ditching  and  draining;  he  can,  by  irrigation  systems, 
bring  water  to  his  crops,  and  by  timely  cultivation  prevent  excessive 
evaporation,  thereby  rendering  more  water  available  to  the  crop; 
but  he  can  not  control  the  rainfall  nor  the  temperature  changes  of 
the  seasons.  Recent  attempts  to  control  the  rainfall  by  direct  means 
exhibit  one  of  the  greatest  follies  and  misconceptions  of  natural 
forces  we  have  witnessed  daring  this  age.  Nevertheless,  by  indirect 
means  the  farmer  has  it  in  his  power  to  exercise  much  greater  control 
over  these  forces  than  he  has  attemjjted  hitherto.  He  can  prevent  or 
reduce  the  unfavorable  effects  of  temperature  changes ;  he  can  increase 
the  available  water  supplies,  and  prevent  the  evil  effects  of  excessive 
rainfall;  he  can  so  manage  the  waters  which  fall  as  to  get  the  most 
benefit  from  them  and  avoid  the  harm  which  they  are  able  to  inflict. 

The  following  three  illustrations,  shown  as  models  at  the  Atlanta 
Exposition,  are  designed  to  bring  graphically  before  the  reader  the 
evil  effects  of  the  erosive  action  of  water,  the  methods  by  which  the 
farmer  may  recuperate  the  lost  ground,  and  the  way  the  farm  should 
look  when  forest,  pasture,  and  field  are  properly  located  and  treated. 

333 
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The  regulation,  proper  distribntion,  and  utilization  of  the  rain 
waters  in  arid  as  well  as  in  humid  regions — water  management — is 
to  be  the  great  problem  of  successful  agriculture  in  the  future. 

One  of  the  most  powerful  means  for  such  water  management  lies  in 
the  proper  distribution  and  maintenance  of  forest  areas.  Nay,  we 
can  say  that  the  most  successful  water  management  is  not  possible 
without  forest  management. 

THE  FOREST  WATERS  THE  FARM. 

Whether  forests  increase  the  amount  of  precipitation  within  or  near 
their  limits  is  still  an  open  question,  although  there  are  indications 
that  under  certain  conditions  large,  dense  forest  areas  may  have  such 
an  eifect.  At  any  rate,  the  water  transpired  by  the  foliage  is  certain, 
in  some  degree,  to  increase  the  relative  humidity  near  the  forest,  and 
thereby  increase  directly  or  indirectly  the  water  supplies  in  its  neigh- 
borhood. This  much  we  can  assert,  also,  that  while  extended  plains 
and  fields,  heated  by  the  sun,  and  hence  giving  rise  to  warm  currents 
of  air,  have  the  tendency  to  prevent  condensation  of  the  passing 
moisture-bearing  currents,  forest  areas,  with  their  cooler,  moister  air 
strata,  do  not  have  such  a  tendency,  and  local  showers  may  therefore 
become  more  frequent  in  their  neighborhood.  But,  though  no  increase 
in  the  amount  of  rainfall  may  be  secured  by  forest  areas,  the  availa- 
bility of  whatever  falls  is  increased  for  the  locality  by  a  well-kept  and 
properly  located  forest  growth.  The  foliage,  twigs,  and  branches  break 
the  fall  of  the  raindrops,  and  so  does  the  litter  of  the  forest  floor,  hence 
the  soil  under  this  cover  is  not  compacted  as  in  the  open  field,  but 
kept  loose  and  granular,  so  that  the  water  can  readily  penetrate  and 
percolate;  the  water  thus  reaches  the  ground  more  slowly,  dripping 
gradually  from  the  leaves,  branches,  and  trunks,  and  allowing  more 
time  for  it  to  sink  into  the  soil.  This  percolation  is  also  made  easier 
by  the  channels  along  the  many  roots.  Similarly,  on  account  of  the 
open  structure  of  the  soil  and  the  slower  melting  of  the  snow  under 
a  forest  cover  in  spring,  where  it  lies  a  fortnight  to  a  month  longer 
than  in  exposed  positions  and  melts  with  less  waste  from  evaporation, 
the  snow  waters  more  fully  penetrate  the  ground.  Again,  more  snow 
is  caught  and  preserved  under  the  forest  cover  than  on  the  wind-swept 
fields  and  prairies. 

All  these  conditions  operate  together  with  the  result  that  larger 
amounts  of  the  water  sink  into  the  forest  soil  and  to  greater  dej^ths 
than  in  open  fields.  This  moisture  is  conserved  because  of  the  reduced 
evaporation  in  the  cool  and  still  forest  air,  being  protected  from  the 
two  great  moisture-dissipating  agents,  sun  and  wind.  By  tliese  con- 
ditions alone  the  water  supplies  available  in  the  soil  are  increased  from 
50  to  60  per  cent  over  those  available  on  the  open  field.  Owing  to 
these  two  causes,  then — increased  percolation  and  decreased  evapora- 
tion— larger  amounts  of  moisture  become  available  to  feed  the  springs 
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and  subsoil  waters,  and  these  become  finally  available  to  the  farm,  if 
the  forest  is  located  at  a  higher  elevation  than  the  field.  The  great 
importance  of  the  subsoil  water  especially,  and  the  infiuence  of  forest 
areas  upon  it,  has  so  far  received  too  little  attention  and  appreciation. 
It  is  the  subsoil  water  that  is  capable  of  supplying  the  needed  moisture 
in  times  of  drought. 

THE  FOREST  TEMPERS  THE  FARM. 

Another  method  by  which  a  forest  belt  becomes  a  conservator  of 
moisture  lies  in  its  wind-breaking  capacity,  by  which  both  velocity  and 
temperature  of  winds  are  modified  and  evaporation  from  the  fields 
to  the  leeward  is  reduced. 

On  the  prairie,  wind  swept  every  day  and  every  hour,  the  farmer 
has  learned  to  plant  a  wind-break  around  his  buildings  and  orchards, 
often  only  a  single  row  of  trees,  and  finds  even  that  a  desirable  shelter, 
tempering  both  the  hot  winds  of  summer  and  the  cold  blasts  of  win- 
ter. The  fields  he  usually  leaves  unprotected;  yet  a  wind-break 
around  his  crops  to  the  windward  would  bring  him  increased  yield, 
and  a  timber  belt  would  act  still  more  effectively.  Says  a  farmer 
from  Illinois: 

My  experience  is  that  now  in  cold  and  stormy  winters  fields  protected  by  tim- 
ber belts  yield  full  crops,  while  fields  not  protected  yield  only  one- third  of  a  crop. 
Twenty-five  or  thirty  years  ago  we  never  had  any  wheat  killed  by  winter  frost, 
and  every  year  we  had  a  fnll  crop  of  peaches,  which  is  now  very  rare.  At  that 
time  we  had  plenty  of  timber  around  our  fields  and  orchards,  now  cleared  away. 

Not  only  is  the  temperature  of  the  winds  modified  by  passing  over 
and  through  the  shaded  and  cooler  spaces  of  protecting  timber  belts 
disposed  toward  the  windward  and  alternating  with  the  fields,  but 
their  velocity  is  broken  and  moderated,  and  since  with  reduced  ve- 
locity the  evaporative  power  of  the  winds  is  very  greatly  reduced, 
so  more  water  is  left  available  for  crops.  Every  foot  in  height  of 
a  forest  growth  will  protect  1  rod  in  distance,  and  several  belts  in 
succession  would  probably  greatly  increase  the  effective  distance. 
By  preventing  deep  freezing  of  the  soil  the  winter  cold  is  not  so 
much  prolonged,  and  the  frequent  fogs  and  mists  that  hover  near 
forest  areas  prevent  many  frosts.  That  stock  will  thrive  better  where 
it  can  find  protection  from  the  cold  blasts  of  winter  and  from  the 
lieat  of  the  sun  in  summer  is  a  well-established  fact. 

THE  FOREST  PROTECTS  THE  FARM. 

On  the  sandy  plains,  wlioi-e  tlie  winds  are  apt  to  blow  the  sand, 
shifting  it  liithei-  and  thither,  a  forest  bolt  to  the  windward  is  the 
only  means  to  keep  the  farm  protected. 

In  the  inoimtain  and  liill  (M)untry  the  farms  are  apt  to  suffer  from 
heavy  rains  washing  away  tlie  soil.  Wliere  the  tops  and  sloi)es  are 
bared  of  their  forest  cover,  the  litter  of  the  forest  floor  burnt  up, 
the  soil  trampled  and  compacted  by  cattle  and  by  the  patter  of  the 
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raindrops,  the  water  can  not  i)enetrate  tlie  soil  readily,  but  is  car- 
ried off  superficially,  especially  when  the  soil  is  of  clay  and  naturally 
compact.  As  a  result  the  waters,  rushing  over  the  surface  down  the 
hill,  run  together  in  rivulets  and  streams,  and  acquire  such  a  force  as 
to  be  able  to  move  loose  particles,  and  even  stones;  the  ground  be- 
comes furrowed  with  gullies  and  runs;  the  fertile  soil  is  washed 
away;  the  fields  below  are  covered  with  silt;  the  roads  are  damaged; 
the  water  courses  tear  their  banks,  and  later  run  dry  because  the 
waters  that  should  feed  them  by  subterranean  channels  have  been 
carried  away  in  the  flood. 

The  forest  cover  on  the  hilltops  and  steep  hillsides  which  are  not 
fit  for  cultivation  prevents  this  erosive  action  of  the  waters  by  the 
same  influence  by  which  it  increases  available  water  supplies.  The 
important  effects  of  a  forest  cover,  then,  are  retention  of  larger  quan- 
tities of  water  and  carrying  them  off  under  ground  and  giving  them 
up  graduall}^,  thus  extending  the  time  of  their  usefulness  and  i3re- 
venting  their  destructive  action. 

In  order  to  be  thoroughly  effective,  the  forest  growth  must  l)e  dense, 
and,  especially,  the  forest  floor  must  not  be  robbed  of  its  accumula- 
tions of  foliage,  surface  mulch  and  litter,  or  its  underbrush  by  fire, 
nor  must  it  be  compacted  by  the  trampling  of  cattle. 

On  the  gentler  slopes,  which  are  devoted  to  cultivation,  methods 
of  underdraining,  such  as  horizontal  ditches  partly  filled  with  stones 
and  covered  with  soil,  terracing,  and  contour  plowing,  deep  cultiva- 
tion, sodding,  and  proper  rotation  of  crops,  must  be  employed  to  pre- 
vent damage  from  surface  waters. 

THE  FOREST  SUPPLIES  THE  FARM  WITH  USEFUL  MATERIAL. 

All  the  benefits  derived  from  the  favorable  influence  of  forest  belts 
upon  water  conditions  can  be  had  without  losing  any  of  the  useful 
material  that  the  forest  produces.  The  forest  grows  to  be  cut  and  to 
be  utilized;  it  is  a  crop  to  be  harvested.  It  is  a  crop  which,  if  prop- 
erly managed,  does  not  need  to  be  replanted;  it  reproduces  itself. 

When  once  established,  the  ax,  if  properly  guided  by  skillful  hands, 
is  the  only  tool  necessary  to  cultivate  it  and  to  reproduce  it.  There 
is  no  necessity  of  planting  unless  the  wood  lot  has  been  mismanaged. 

The  wood  lot,  then,  if  properly  managed,  is  not  onlj^  the  guardian 
of  the  farm,  but  it  is  the  savings  bank  from  which  fair  interest  can 
be  annually  drawn,  utilizing  for  the  purpose  the  poorest  part  of  the 
farm.  Nor  does  the  wood  lot  require  much  attention;  it  is  to  the  farm 
what  the  workbasket  is  to  the  good  housewife — a  means  with  which  to 
improve  the  odds  and  ends  of  time,  especially  during  the  winter, 
when  other  farm  business  is  at.a  standstill. 

It  may  be  added  that  the  material  which  the  farmer  can  secure 
from  the  wood  lot,  besides  the  other  advantages  recited  above,  is  of 
far  greater  importance  and  value  than  is  generally  admitted. 


340   YEARBOOK  OF  THE  U.  S.  DEPARTMENT  OF  AGRICULTURE. 

On  a  well-regulated  farm  of  160  acres,  with  its  4  miles  and  more  of 
fencing,  and  with  its  wood  fires  in  range  and  stove,  at  least  25  cords 
of  wood  are  required  annually,  besides  material  for  repair  of  build- 
ings, or  altogether  the  annual  product  of  probably  40  to  50  acres  of 
well-stocked  forest  is  needed.  The  product  may  represent,  according 
to  location,  an  actual  stumpage  value  of  from  $1  to  $3  per  acre,  a  sure 
crop  coming  every  year  without  regard  to  weather,  without  trouble 
and  work,  and  raised  on  the  poorest  part  of  the  farm.  It  is  question- 
able whether  such  net  results  could  be  secured  with  the  same  steadi- 
ness from  any  other  crop.  Nor  must  it  be  overlooked  that  the  work 
in  harv^esting  this  crop  falls  into  a  time  when  little  else  could  be  done. 

Wire  fences  and  coal  fires  are,  no  doubt,  good  substitutes,  but  they 
require  ready  cash,  and  often  the  distance  of  haulage  makes  them 
rather  expensive.  Presently,  too,  when  the  virgin  woods  have  been 
still  further  culled  of  their  valuable  stores,  the  farmer  who  has  pre- 
served a  sufficiently  large  and  well-tended  wood  lot  will  be  able  to 
derive  a  comfortable  money  revenue  from  it  by  supplying  the  market 
with  wood  of  various  kinds  and  sizes.  The  German  State  forests,  with 
their  complicated  administrations,  which  eat  up  40  per  cent  of  the 
gross  income,  yield,  with  prices  of  wood  about  the  same  as  in  our 
country,  an  annual  net  revenue  of  from  II  to  $4  and  more  per  acre. 
Why  should  not  the  farmer,  who  does  not  pay  salaries  to  managers, 
overseers,  and  forest  guards,  make  at  least  as  much  money  out  of  this 
crop,  when  he  is  within  reach  of  a  market? 

In  regard  to  the  manner  in  which  the  farmer  should  manage  his 
wood  lot,  the  Yearbook  of  1894  gives  a  fuller  account. 

With  varying  conditions  the  methods  would  of  course  vary.  In 
a  general  way,  if  he  happens  to  have  a  virgin  growth  of  mixed  woods, 
the  first  care  would  be  to  improve  the  composition  of  the  wood  lot  by 
cutting  out  the  less  desirable  kinds,  the  weeds  of  tree  growth,  and  the 
poorly  grown  trees  which  impede  the  development  of  more  deserving 
neighbors. 

The  wood  thus  cut  he  will  use  as  firewood  or  in  any  other  way,  and 
even  if  he  could  not  use  it  at  all,  and  had  to  burn  it  up,  the  operation 
would  pay  indirectly  by  leaving  him  a  better  crop.  Then  he  may  use 
th(»  rest  of  the  crop,  gradually  cutting  the  trees  as  needed,  but  he 
must  take  care  that  the  openings  are  not  made  too  large,  so  that  th«\y 
can  readily  fill  out  with  young  growth  from  the  seed  of  the  remain- 
ing trees,  and  he  must  also  pay  attention  to  the  young  aftergrowth, 
giving  it  light  as  ne^nled.  Thus  without  ever  resorting  to  planting  he 
may  harvest  the  old  timber  and  have  a  new  crop  taking  its  place  and 
perpetuate  the  wood  lot  without  in  any  way  curtailing  his  use  of 
the  same. 
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TREE  PLANTING  IN  THE  WESTERN  PLAINS. 

By  Charles  A.  Keffer, 
Assistant  Chief,  Division  of  Forestry,  U.  S.  Department  of  Agriculture. 

CHARACTERISTIC  FEATURES  OF  THE  PLAINS. 

The  plains  of  the  West  comprise  a  strip  of  country  of  varying?  width 
extending  from  North  Dakota  to  Texas,  all  portions  of  which  have  the 
same  general  characteristic  features.  In  the  eastern  part  of  this 
region  the  country  is  like  the  adjacent  prairies  of  Minnesota,  Iowa, 
and  Missouri — rolling  lands,  with  numerous  streams  bordered  by 
woods,  from  which  the  surface  rises  to  the  open  country.  In  the 
Dakotas  and  northern  Nebraska  these  slopes  are  usually  gentle,  but 
in  Kansas  the  surface  of  the  land  is  frequently  broken  by  outcrops  of 
the  underlying  limestone.  Farther  south  the  woods  increase  in 
extent.  Through  the  central  area  of  the  Western  States  (the  Dako- 
tas, Nebraska,  Kansas,  Oklahoma,  and  Texas)  the  tree  growth  is 
greatly  reduced  in  extent  and  variety,  the  country  is  less  rolling,  and 
the  altitude  is  higher,  these  conditions  increasing  in  intensity  west- 
ward until  in  eastern  Colorado  there  is  a  vast  plain  rising  by  imj)er- 
ceptible  degi-ees  toward  the  foothills  of  the  Rocky  Mountains. 

Aside  from  these  generally  prevailing  conditions,  the  State  of 
Nebraska  is  crossed  east  and  west  by  a  broad  belt  of  sand  liills,  which 
make  it  necessary  to  discuss  that  region  separatelj^  from  the  remain- 
ing country  under  consideration.  A  somewhat  similar  area,  though 
very  much  smaller  in  extent  and  less  pronounced  in  character,  lies 
between  the  Arkansas  and  Smoky  Hill  rivers  in  Kansas. 

The  soil  conditions  over  this  vast  area  are  necessarily  variable. 
The  Dakotas  and  Nebraska  outside  of  the  sand  hills  liave  what  West- 
ern people  recognize  as  the  typical  prairie  soil — a  deep  clay  loam, 
underlaid  with  a  subsoil  of  clay  of  varying  degrees  of  stiffness. 
Oftentimes  on  adjoining  farms  this  subsoil  presents  widely  varying 
characteristics;  the  one  being  almost  impenetrable  to  moisture  (the 
hardpan  of  the  Northwest),  and  the  other  having  a  considerable 
admixture  of  sand  and  readily  penetrated  by  moisture. 

The  surface  soil  is  usually  black  in  color,  and,  except  in  cases  of 
extreme  drought,  can  be  kept  in  good  condition,  so  far  as  moisture  is 
concerned,  by  very  deep  plowing  and  frequent  shallow  cultivation. 
In  Kansas  and  the  southern  country  the  same  loamy  surface  soil  is 
found,  but  the  subsoil  is  frequently  of  a  more  calcareous  nature,  being 
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underlaid  with  limestone  not  far  from  the  surface.  In  Colorado  the 
surface  soil  is  brown  rather  than  black,  and  has  the  characteristic 
clay  subsoil  of  the  more  northern  region. 

The  vegetation  throughout  consists  of  grasses,  composites,  and 
legumes,  with  a  comparatively  small  number  of  other  species,  almost 
exclusivel}^  herbaceous,  except  in  the  immediate  vicinity  of  streams. 
The  only  common  woody  plants  on  the  uplands  are  low-growing  roses, 
cherry,  and  false  indigo.  The  soil  cover  is  less  luxuriant,  generally 
speaking,  from  east  to  west  and  from  the  lower  to  the  higher  lati- 
tudes, being  of  course  largely  governed  by  the  presence  of  moisture 
in  soil  and  atmosphere.  In  the  Tnoister  regions  the  taller  forms  of 
Andropogon  and  Calamagrostis  are  the  characteristic  grasses,  while 
in  the  drier  regions  the  Stipas,  Boutelouas,  and  Buchloes  are  domi- 
nant. The  annual  prairie  fires  have  prevented  as  large  accumula- 
tions of  humus  as  the  grass  crop  would  otherwise  have  made,  but  the 
soil  is  nowhere  lacking  in  an  abundant  supply  of  food  elements  for 
trees. 

In  all  the  Northern  prairies  there  is  an  almost  insensible  passage  from 
surface  to  subsoil,  the  change  in  color  and  grain  being  a  very  gradual 
one,  evidently  dependent  on  the  amount  of  humus.  It  not  infre- 
quently happens  that  a  thin  stratum  of  coarse  gravel  or  gravelly  clay 
makes  a  line  of  demarcation  between  surface  and  subsoil.  Throughout 
the  plains,  too,  it  is  common  to  find  white  spots,  calcareous  in  nature, 
in  the  clay  subsoil  from  3  to  10  feet  below  the  surface.  By  many  per- 
sons in  the  West  these  chalky  deposits  are  wrongly  considered  an 
indication  of  hardpan,  impenetrable  to  moisture.  There  is  also  a 
greater  or  less  admixture  of  fine  sand  in  the  clay  subsoil;  in  most 
cases  this  sand  is  sufficient  to  render  the  subsoil  porous  enough  to 
permit  the  free  passage  of  moisture.  This  is  proven  by  the  almost 
universal  effect  of  shallow  culture  on  deep-plowed  prairie  soils.  The 
land  so  tilled  is  fresh  below  the  dust  blanket  even  in  long  periods 
of  drought,  while  adjacent  uncultivated  land  shows  wide  cracks  on 
the  surface  of  the  baked  earth.  There  are  undoubtedly  places,  local 
in  character  and  of  limited  extent,  in  which  the  subsoil  is  too  stiff  to 
permit  a  good  growtli  of  foi*est  trees,  but  these  can  be  regai'ded  as 
exceptions  rather  tlian  the  i*ule,  which  is  that  the  soils  of  tlie  i)lains 
are  of  sufficient  depth  and  porosity  to  permit  the  growth  of  trees. 
Whatever  difficulties  are  mot,  then,  must  be  climatic  in  their  nature. 

The  mean  annual  rainfall  gradually  deci'eases  from  the  eastern 
b(mndaries  of  Kansas  and  Dakota  toward  the  mountains.  The  great- 
est rainfall  occurs  in  the  southeastei'n  ])art  of  the  region,  and  a  grad- 
ual decrease  is  noticeable  both  northward  and  westward,  being  greater 
in  the  latter  direcrtion.  On  the  unbroken  prairies  the  character  of. 
th(^  soil  and  veg(^tation  has  much  to  do  with  the  moisture  conditions. 
There  is  usually  a  good  fall  of  rain  during  April,  May,  and  June;  then 
there  is  apt  to  be  very  little  until  the  autumn  months.     During  this 
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long  interval  the  only  protection  to  the  soil  is  the  herbaceous  vegeta- 
tion that  covers  it,  and  this  is  soon  turned  brown  and  sere  by  the 
excessive  heat  and  winds.  The  sun,  beating  down  on  the  scarcely 
shaded  earth,  tends  to  compact  and  bake  it  until  it  more  nearly 
resembles  sun-dried  brick  than  a  soil  in  whicli  plants  can  grow.  This 
condition  varies  in  proportion  to  the  amount  of  sand  in  the  soil,  and 
as  the  greater  part  of  the  plains  is  covered  with  a  clay  loam,  the}'  dry 
out  badly  and  have  become  very  compact  during  the  centuries  that 
they  have  been  exposed  to  existing  conditions.  When  rains  fall,  the 
water  is  not  absorbed  by  such  soils  to  as  great  a  degree  as  in  the 
prairie  loams  of  Iowa  and  Missouri.  It  penetrates  a  few  inches,  only 
to  be  soon  evaporated.  Under  cultivation,  however,  a  decided  change 
in  the  action  of  Western  soils  is  noticeable.  This  was  impressed  upon 
the  writer  during  a  visit  to  the  Kansas  State  forest  station  at  Ogal- 
lah  (990  46'  W.,  390  N.),  in  October,  1894.  In  walking  from  the  rail- 
road station  to  the  forest  plats,  a  distance  of  a  mile,  it  was  observed 
that  the  ground  was  cracked  by  the  excessive  drought,  and  it  could 
scarcely  have  been  harder;  but  in  the  cultivated  soil  of  the  nurseries 
and  tree  plats  fresh  soil  was  found  a  few  inches  below  the  surface. 
.  The  great  lesson  to  be  learned  from  these  general  observations  is 
that  deep  plowing  and  frequent  cultivation  of  the  soil  until  it  is 
shaded  b}'  the  tree  growth  is  one  of  the  requisites  for  successful 
forest  planting  in  these  regions. 

OBJECTS   OF  TREE  PLANTING. 

Without  entering  into  a  discussion  of  the  causes  of  the  failure 
which,  in  the  majority  of  cases,  has  attended  the  efforts  of  tree 
planters  in  the  States  west  of  the  Missouri  River,  it  is  intended  tx) 
give  practical  suggestions  on  methods  of  planting  and  culture,  with 
information  regarding  varieties  of  trees  and  the  aftertreatment  of 
cultivated  woodlands. 

The  region  under  consideration  is  so  vast  in  extent  that  it  will  be 
impossible,  in  a  limited  space,  to  give  specific  directions  for  x^lanting 
or  care  under  all  the  varying  conditions  of  soil,  altitude,  moisture, 
wind,  and  the  many  minor  items  constituting  what  is  known  to  the 
forester  as  locality. 

Being  intended  primarily  for  farmers,  the  subject  is  treated  from 
the  standpoint  of  the  agriculturist  rather  than  that  of  the  forester. 
The  farmer,  devoting  comparatively  small  areas  to  the  cultivation  of 
trees,  can  regard  the  individual  tree  as  his  unit;  the  forester,  liaAing 
to  do  with  thousands  of  acres,  must  look  to  the  aggregate  growth. 
Nevertheless,  if  the  farmer  would  have  timber  from  his  grove  that 
will  best  meet  his  varied  needs,  he  must  follow  the  same  principles  of 
selection,  planting,  and  aftertreatment  that  govern  the  operations  of 
the  forester  in  his  larger  field. 

In  the  Western  States  forest-tree  i^lanters  have  two  special  objects 
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in  view — protection  from  winds  and  a  supply  of  wood.  Incidentally 
the  plantations  may  be  made  to  save  much  moisture  to  the  tillable 
area  of  the  farm ;  they  also  furnish  a  most  important  means  of  reliev- 
ing the  otherwise  monotonous  landscape,  making  the  country  more 
attractive.  The  great  benefit  derived  from  grove  planting  in  the 
West,  outweighing  all  other  considerations,  is  protection  from  wind. 
Hence  the  groves  should  be  so  placed  as  to  afford  the  most  complete 
shelter  to  the  farm  buildings,  feeding  lots,  garden,  and  orchard 

A  careful  examination  of  a  large  portion  of  the  region  under  dis- 
cussion emphasizes  a  belief,  founded  on  several  years'  experience  in 
tree  culture  in  South  Dakota,  that  over  the  greater  part  of  the  vast 
area  trees  can  be  successfully  grown  without  irrigation.  The  degree 
of  success  will  be  greatest  on  the  eastern  borders  of  the  plains,  and 
will  decrease  westward,  following  the  general  reduction  in  the  mois- 
ture supply  of  soil  and  atmosphere.  So,  also,  trees  will  be  found  to 
grow  best  on  the  lower  lands  near  the  streams,  but  as  the  country  is 
settled  and  the  land  is  cultivated  the  line  of  successful  tree  growth 
will  ascend  to  the  higher  altitudes  in  every  part  of  the  plain  region, 
and  ultimately  the  entire  area  can  be  afforested. 

AVAILABILITY  OF  SPECIES. 

The  work  of  tree  planting  on  the  plains  heretofore  has  been  largely 
tentative.  In  the  beginning  there  was  no  experience  that  could  be 
used  as  a  basis  in  the  West,  because  deductions  from  plantings  made 
under  other  climatic  conditions  proved  almost  valueless.  For  the 
first  time  in  the  history  of  the  world,  a  people  attempted  to  transform, 
almost  in  a  decade,  a  land  that  had  long  been  considered  an  uninhab  • 
itable  desert.  The  paramount  condition  that  led  to  a  choice  of  vari- 
eties of  trees  for  planting  was  availability.  There  was  no  question 
on  the  part  of  the  settler  of  the  necessity  for  wind-breaks.  The  need 
was  so  urgent  that  he  sought  the  quickest  solution  of  it  and  took  from 
the  sparse  woodlands  of  the  nearest  streams  the  species  that  seemed 
to  grow  most  rapidly.  Hence  throughout  the  West  the  cottonwood 
is  tlie  most  generally  planted  tree,  and  it  has  served  a  purpose  which 
probably  no  other  species  could  have  so  well  filled.  It  luis  made  a 
protecting  wind-break  around  thousands  of  liomesteads.  Next  to 
the  cottonwood  the  willow,  box  elder,  and  maple  have  been  most 
extensively  planted,  these  being  iho  most  rapid  growing,  during 
youth,  of  tlie  native  species.  Througliout  the  AVest,  however,  hun- 
dreds of  farmers  have  8ecure<i  seed  of  more  valuable  species  and 
have  attempted  tlieir  ('ultivation,  witli  varying  degrees  of  success. 
Tliroughoiit  tlu^  eastern  parts  of  Kansas  and  Nebi*aska  tlirilty  groves 
of  black  walnut  and  green  ash  can  be  found,  and  there  are  many 
plantings  that  (^mtain  a  variety  of  hard  woods,  including,  in  addition 
to  tliusi^  already  named,  the  black  and  lioney  locusts,  elm,  cherry, 
and  catalpa. 
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To  a  much  more  limited  extent  pines  and  spruces  have  been  planted, 
but  a  lack  of  knowledge  regarding  their  needs  has  resulted  at  best  in 
only  a  moderate  degree  of  success. 

In  these  pioneer  plantings,  as  in  the  wild  state,  trees  have  grown 
best  nearest  the  eastern  border  of  the  plains,  the  artificial  groves 
decreasing  in  number  and  in  size  to  the  westward. 

The  species  most  easily  secui-ed,  because  native  along  streams  in 
the  plains,  are  cottonwood,  box  elder,  green  ash,  silver  and  red 
maple,  willow,  and  hackberry.  Of  these  the  cottonwood  and  willow 
may  be  regarded  as  the  most  available,  because  they  grow  readily 
from  cuttings,  as  well  as  from  seeds.  The  silver  and  red  maples  are 
both  of  common  occurrence  in  Kansas,  but  northward  the  red  maple 
becomes  scarcer,  and  is  not  found  in  the  Dakotas.  The  maples  have 
a  less  general  distribution,  but  they  grow  so  readily  and  strongly  from 
the  seed  that  they  have  been  largely  planted.  The  ash  and  elm, 
being  slower  growers,  have  not  commended  themselves  to  Western 
planters  as  their  merits  deserve,  but  are  now  being  more  extensively 
planted. 

In  the  eastern  plain  region,  especially  southward,  several  species  6f 
oak  are  native,  the  most  useful  being  the  bur  or  mossy  cup  (Quercus 
macrocarpa),  also  the  black  wild  cherry,  honey  locust,  sugar  maple 
(rare),  red  elm,  sycamore,  walnut,  several  hickories,  red  cedar,  bass- 
wood,  and  buckeye.  It  is  thus  seen  that  a  goodly  number  of  tree 
species  are  indigenous,  and  seeds  of  all  of  them  can  be  obtained  in 
greater  or  less  quantity  without  much  difficulty,  the  most  widely  dis- 
tributed being  those  first  named. 

It  may  happen,  however,  through  the  instrumentality  of  the  nurs- 
eryman and  seedman,  that  species  not  native  are  more  available  than 
indigenous  trees.  The  hardy  catalpa  is  particularly  available  for 
the  southeast  plain  region,  because  the  seed  is  cheap  and  the  tree  can 
be  grown  with  ease.  For  the  same  reasons  the  black  locust  is  spe- 
cially adapted  to  Kansas,  southern  Nebraska,  and  Colorado.  Among 
conifers  the  Scotch  and  Austrian  pines,  red  cedar,  and  white  spruce 
are  yearly  becoming  cheaper,  and  hence  more  available  to  the  West- 
ern planter. 

In  addition  to  these  larger  trees,  smaller  woody  growths,  such  as 
wild  plum,  choke  cherry,  and  sand  cherry,  can  be  secured  over  the 
greater  part  of  the  West,  and  may  fill  an  important  purpose  in  the 
groves. 

ADAPTABILITY  OF  SPECIES. 

Tlie  adaptability  of  a  species  is  its  power  to  adjust  itself  to  the  con- 
ditions in  which  it  is  placed.  A  great  many  failures  have  been  made 
in  tree  growing  by  mistaking  availability  for  adaptability.  It  does 
not  follow  because  the  cottonwood  is  growing  along  the  Arkansas, 
Republican.  Platte,  and  Niobrara  rivers  all  the  way  across  the  plains 
that  it  will  succeed  equally  well  on  the  intervening  highlands.     It 
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seems  able  to  stand  almost  any  degree  of  atmospheric  dryness,  pro- 
vided it  has  a  plentiful  supply  of  moisture  at  the  root.  This  might 
appear  at  first  thought  to  be  equally  true  of  all  arborescent  species, 
but  the  fact  that  so  few  varieties  of  trees  are  found  between  the  one 
liundredth  and  one  hundred  and  fifth  meridians  indicates  the  contrary. 
The  Arkansas  is  a  broad  river  throughout  the  driest  seasons,  but  in 
western  Kansas  and  eastern  Colorado  almost  the  only  species  that 
grows  on  its  banks  is  the  Cottonwood.  This  tree  is  much  shorter 
lived  on  high  land,  especially  where  there  is  a  stiff  subsoil,  and  does 
not  live  as  long  when  planted  closely  as  when  used  for  street  plant- 
ing— a  single  row  with  wide  intervening  spaces ;  even  where  it  grows 
naturally,  along  rivers,  it  soon  dies  out. 

The  black  walnut  has  been  more  extensively  planted  than  any  of 
the  slow-growing  trees,  with  the  possible  exception  of  green  ash,  and 
here  again  no  attention  has  been  paid  to  adaptability.  The  black 
walnut  succeeds  best  in  the  deep,  fresh  soils  of  bottom  and  second- 
l>ench  lands,  and  in  such  localities  there  are  many  successful  young 
groves  in  Kansas  and  Nebraska ;  on  the  drier  highlands,  however,  it 
is""  much  slower  in  growth  and  often  fails  entirely. 

The  silver  maple  has  been  planted  extensively  throughout  South 
Dakota,  where  it  almost  invariably  kills  back  during  its  early  years, 
resulting  in  a  coppice  form  that  makes  an  acceptable  soil  cover  but  a 
poor  tree. 

The  box  elder  succeeds  much  better  in  the  Dakotas  than  in  Kansas, 
where  it  dies  in  high  ground  after  a  few  years,  and  as  a  nurse  tree  is 
never  as  satisfactory  as  it  is  farther  north.  On  the  other  hand,  the 
Russian  mulberry  attains  a  good  post  size  in  the  valley  of  the  Ar- 
kansas— a  thing  incredible  to  those  who  have  only  seen  the  species  as 
grown  farther  north,  where  it  becomes  a  spreading  shrub. 

The  hardy  catalpa  ( Catalpa  speciosa)  is  one  of  the  most  rai^id-growing 
trees  in  the  southeastern  part  of  the  plains,  and  thrives  as  far  north 
as  Omaha,  Nebr.,  but  it  kills  back  in  central  Nebraska,  even  at  the 
south  line  of  the  State,  and  will  not  grow  at  all  in  South  Dakota.  The 
black  locust  flourishes  over  a  much  greater  western  range,  growing 
well  under  irrigation  at  Denver,  Colo.,  and  in  the  dry  j)lains  of  west- 
ern Kansas,  but  it  is  not  successful  north  of  the  Nebraska  sand  hills. 

It  is  seen  from  these  examples  that  not  only  considerations  of 
moisture  but  of  temperature  also  must  be  regarded  in  determining 
ihv  adaptability  of  a  species  to  any  locality. 

(Generally  speaking,  noiu^  of  our  trees  succeed  as  well  in  the  high- 
lands of  the  West  as  in  the  valleys,  and  th(^  reason  is  evident.  Aside 
from  the  great  diffcM-ence  in  soil  moisture,  the  lower  lands  have,  as  a 
rule,  a  much  deeper  surface  soil,  and  the  atmosphere  of  the  valleys  is 
measurably  ])r()1(»ct(Ml  from  wind  action,  so  that  the  eva])orati()n  is 
relatlv(^ly  less — a  point  second  only  in  importance  to  the  moisture 
supply.     While  it  is  true  tliat  few,  if  any,  species  grow  as  rapidl}^  on 
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the  higlier  land,  some  are  comparatively  successful  there.  On  deep 
soils  the  black  wild  cherry,  catalpa,  white  elm,  honey  locust,  black 
locust,  hackberry,  bur  oak,  box  elder,  bull  pine,  Scotch  pine,  Austrian 
pine,  and  red  cedar  do  well  in  places  where  the  temperature  is  suita- 
ble. Perhaps  no  tree  in  the  above  list  is  more  widely  adapted  to 
varj  ino^  conditions  than  the  Scotch  pine,  which  seems  to  be  equally 
at  home  in  the  dry  x^rairies  of  eastern  Dakota  and  northern  Nebraska 
(lonji;itude  100°  W.),  the  clay  soils  along  the  Missouri,  the  limy  loams 
of  the  Kansas  River  bluffs,  and  the  sandy  loams  of  the  Arkansas 
Valley. 

OBJECTIONS   TO   PLANTING  SINGLE   SPECIES. 

Pure  planting  is  a  term  applied  to  plantations  of  a  single  species. 
In  nature  this  condition  is  seldom  found  in  the  West,  except  along 
rivers  where  a  grove  of  willows  or  cottonwoods  has  sprung  up,  or  in 
the  mountains  where  the  pines  or  the  spruces  often  form  by  them- 
selves dense  forests. 

Pure  planting  is  not  to  be  recommended  on  the  plains  for  several 
reasons.  In  the  first  place,  the  trees,  being  all  of  the  same  species, 
have  the  same  form  and  rate  of  growth.  If  any  accident  or  insect 
injure  them  on  a  considerable  area,  the  soil  is  at  once  exposed,  and  a 
weed  growth  quickly  takes  possession  of  it. 

In  the  second  place,  all  the  trees  demand  an  equal  amount  of  light, 
and  this  causes  a  crowding  that  will  result  in  the  premature  death  of 
many.  If  the  kind  selected  be  a  sparsely  shading  sort,  such  as  Cot- 
tonwood and  the  locusts,  a  rank  growth  of  weeds  and  prairie  grasses 
will  spring  up  and  rob  them  of  soil  moisture,  thus  checking  their 
growth. 

The  various  uses  of  the  farm  demand  a  variety  of  timbers.  A  pure 
grove,  even  though  successful,  will  not  be  as  valuable  to  the  farmer 
as  a  mixed  grove. 

RULES   FOR  MIXED   PLANTINGS. 

In  planting  timber  trees,  whether  the  area  to  be  covered  is  5  or  5,000 
acres,  certain  principles  should  govern  the  work.  It  is  desirable  that 
the  kinds  selected  be  adapted  to  a  variety  of  uses,  that  the  plantation 
make  a  good  wind-break,  and  that  the  trees  be  brought  to  maturity 
at  the  least  possible  cost  to  the  planter. 

Having  determined  what  varieties  are  suitable  to  the  locality,  the 
mixing  of  two  or  more  kinds  dei)ends  (1)  on  their  relative  capacitj^ 
for  preserving  or  increasing  favorable  soil  conditions,  (2)  on  tlieir 
relative  dependence  on  light  and  shade  for  development,  and  (.3)  on 
their  relative  height  growth. 

Based  on  these  principles,  the  following  rules  have  been  formulated : 

(1)  The  dominant  species,  that  is,  the  one  occupying  the  most  of  the 
ground,  must  be  one  that  improves  the  soil;  in  the  West  a  shade- 
making  kind. 
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(2)  Shade-enduring  (densely  foliaged)  trees  may  be  mixed  together 
when  the  slower  growing  can  be  protected  from  the  overtopping  of 
the  more  rapid  growing,  either  by  planting  the  slower  growing  first 
or  in  greater  numbers  or  larger  specimens,  or  by  cutting  back  the 
quicker  growing  ones. 

(3)  Shade-enduring  kinds  may  be  mixed  with  light-needing  kinds 
when  the  latter  are  either  quicker  growing,  planted  in  advance  of  the 
former,  or  larger  specimens. 

(4)  Thin-foliaged  kinds  should  not  be  planted  in  mixtures  by  them- 
selves except  in  very  favorable  locations,  such  as  river  bottoms,  marshy 
soils,  etc.,  where  no  exhaustion  of  soil  humidity  need  be  feared,  or  on 
very  meager,  dry  soils,  where  nothing  else  will  grow. 

(5)  The  introduction  of  individual  light-foliaged  trees  is  preferable 
to  placing  them  together  in  groups  unless  special  soil  conditions  make 
the  occupation  by  one  suitable  kind  more  desirable.' 

There  are  difficulties  in  the  application  of  these  rules  to  Western 
planting  that  will  at  once  suggest  themselves.  The  first  is  that  among 
the  species  available  to  the  farmer  very  few  are  shade  enduring,  and 
a  second  is  that  as  the  trees  grow  older  they  change  somewhat  in 
reference  to  their  shade  endurance.  The  black  wild  cherry,  for 
instance,  endures  much  more  shade  during  its  youth  than  after  it  has 
attained  its  principal  height  growth.  It  has  here  been  included 
among  the  shade-enduring  kinds  with  this  understanding.  It  should 
also  be  remembered  that  moist  soils  increase  the  shade  endurance  of 
all  species,  and  vice  versa. 

RELATIVE  SHADE  ENDURANCE. 

Considering  first  the  species  that  are  most  available  in  the  West,  a 
series  arranged  with  reference  to  shade  endurance  would  read  about  as 
follows:  (1)  Box  elder,  Russian  mulberry  (red  cedar,  Douglas  spruce, 
white  si)ruce,  Norway  spruce);  (2)  black  wild  cherry;  (3)  hackberry; 
(4)  silver  maple;  (5)  bur  oak;  (6)  green  ash,  catalpa  (Scotch  pine,  bull 
pine);  (7)  black  walnut;  (8)  honey  locust;  (9)  black  locust  (larch),  and 
(10)  Cottonwood. 

The  best  shade-enduring  variety  probably  is  the  sugar  maple.  In 
the  Dakottis  and  nortliern  Nebraska  the  box  elder  answers  tolerably 
wc^ll  during  youth,  and  is  unquestionably  the  most  available  species 
for  this  purpose.  Farther  south  the  Russian  mulberry  may  be  sub- 
stituted. 

The  relative  shadi^  endurance  of  the  conifers  is  indicated  in  ])aren- 
theses  in  tluuibove  list,  for  tlie  reason  that  the  liigh  prices  charged  for 
such  trees  have  thus  far  prevented  their  extensive  use  in  Western  tree 
planting.  For  the  sann^  reason  they  have  been  given  a  much  less 
important  place  in  tlu^  planting  scliein(*s  which  follow  than  would 
otherwise  liave  been  warranted. 


'  See  annual  report  of  Division  of  Forestry,  1886. 
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At  least  two-tliirds  of  the  plantation  should  be  of  dense-shading 
trees,  anong  which  the  light-demanding  species  should  be  planted 
singly,  so  that  each  tree  will  be  surrounded  by  shade-enduring  kinds. 
To  insure  the  greatest  degree  of  success  three-fourths  or  more  of  the 
grove  should  be  shade-enduring  kinds. 

The  special  importance  of  completely  shading  the  ground  as  soon 
as  possible  in  Western  tree  culture  is  the  necessity  of  preventing 
grass  growth.  The  prairie  grasses  are  exceptionally  vigorous  growers, 
and  are  all  light-demanding  species.  Once  established,  it  is  difficult 
to  eradicate  them,  and  they  seriously  check  the  tree  growth.  Thou- 
sands of  promising  cottonwood  groves  have  been  ruined  by  permit- 
ting the  grasses  to  get  a  foothold  in  the  plantation.  None  of  the 
light-foliaged  trees  make  sufficient  shade  to  prevent  grass  growth;  so 
that  the  planter  must  either  continue  cultivation,  which  is  too  expen- 
sive a  process,  or  use  dense-shading  trees  for  the  major  i)art  of  his 
grove.  Indeed,  the  subject  of  light  requirement  is  of  the  first  impor- 
tance in  forest  tree-culture  anywhere.  Heretofore  it  has  received 
practically  no  attention  in  the  West,  and  the  above  placing  of  species 
may  have  to  be  changed  with  more  extended  observation  and  experi- 
ment under  Western  conditions. 

RATE   OF  DEVELOPMENT. 

The  varieties  to  be  mixed  should  be  chosen  not  only  with  reference 
to  their  light  requirement,  but  also  to  the  period  of  their  development 
or  rapidity  of  growth.  To  the  Western  planter  shelter  from  winds  is 
the  most  important  object  to  be  attained,  and  in  order  to  accomplish 
this  at  the  earliest  possible  time  the  majority  of  the  trees  should  be 
quick  growers.  It  seldom  happens  that  rapid  growers  yield  a  timber 
valuable  for  economic  uses,  the  catalpa  and  black  locust  being  notable 
exceptions,  and  they  can  only  be  grown  in  a  restricted  territory.  The 
cottonwood  grows  faster  than  any  other  Western  species,  but  it  is 
valueless  for  home  use  except  as  fuel,  and  it  is  of  the  poorest  quality 
even  for  that  purpose.  The  box  elder  and  soft  maple  are  but  little 
better.  These  are  trees  of  the  earliest  maturity,  and  the  two  last  named 
are  among  the  most  available  shading  kinds.  Cottonwood  is  almost 
useless  in  mixed  planting.  The  plantation,  then,  should  be  made  up 
largely  of  these  quickly  maturing  species,  even  though  they  are  of  but 
slight  economic  value.  Distributed  singly  among  them  should  be  trees 
of  a  slower  rate  of  development,  chosen  also  with  a  view  to  their  light 
requirement.  If  one-half  or  two-thirds  of  the  plantation  be  of  box 
elder,  for  instance,  at  least  half  of  the  remaining  trees  should  be  of  a 
shade-enduring  kind,  that  will  continue  to  keep  down  weed  growth  by 
keeping  the  soil  shaded  after  the  box  elders  are  thinned  out.  The 
remainder  of  the  species  may  be  of  high  economic  value  and  slower 
maturity,  such  as  bur  oak,  black  walnut,  and  ash,  or  they  may  be 
rapid  growers  which  demand  a  great  deal  of  light,  such  as  black  locust 
and  catalpa,  or  they  may  be  pines,  or  all  these  may  be  introduced,  but 
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under  all  circumstances  their  light  requirements  should  be  kept  in 
mind,  and  they  should  be  so  distributed  as  to  afford  to  each  the  best 
opportunity^  for  development. 

It  will  be  seen  from  what  has  been  said  that  the  rapid-growing 
species,  like  box  elder,  Russian  mulberry  (in  the  more  southern  regions 
only),  and  silver  maple,  while  affording  protection  from  winds  almost 
as  soon  as  cottonwood,  are  serving  as  nurse  trees  to  the  more  slowiy 
maturing  kinds  which  grow  among  them,  compelling  them  to  reach 
up  for  light,  and  thus  forcing  them  to  grow  tall  and  straight  and  to 
store  the  most  of  their  wood  in  the  shaft  and  form  the  least  possible 
number  of  branches  during  their  youth.  In  this  way  the  value  of  the 
more  permanent  trees  is  greatly  increased,  for  the  trunks  at  maturity 
are  long,  straight,  and  free  from  knots,  thus  making  the  best  possible 
lumber. 

According  to  their  rate  of  development,  our  more  available  species 
for  Western  planting  may  be  arranged  as  follows,  the  most  rapid 
growing  being  named  first :  Cottonwood,  box  elder,  silver  maple,  black 
locust,  catalpa,  European  larch,  honey  locust,  white  elm,  hackberry, 
Scotch  pine  or  bull  pine,  black  wild  cherry,  black  walnut,  white  spruce 
or  Douglas  spruce,  red  cedar,  green  ash,  bur  oak. 

CLOSE  PLANTING. 

One  of  the  principal  causes  of  failure  in  Western  tree  planting  has 
been  wide  spacing.  It  is  not  uncommon  to  see  trees  set  in  rows  12 
and  even  16  feet  apart,  1  to  2  feet  apart  in  the  rows.  This  wide 
spacing  of  rows  requires  long-continued  cultivation,  otherwise  the 
trees  are  soon  given  over  to  the  grasses,  which  rob  them  of  soil  mois- 
ture and  effectively  check  their  development.  Or,  what  is  even  worse, 
the  forest  trees  are  set  as  in  an  orchard,  9  or  12  feet  apart  both  ways. 
This  planting  permits  a  great  development  of  lateral  branches,  result- 
ing in  very  short  trunks,  which,  as  the  trees  grow  older,  form  bad 
forks  near  the  ground.  This  plan  also  demands  long-continued  culti- 
vation in  order  to  keep  out  weeds  and  grasses. 

Aside  from  the  more  complete  protection  afforded,  close  i)lanting  is 
the  most  economical  method  of  cultivation  in  the  West.  It  is  ti'ue 
that  if  trees  are  purchased,  the  first  cost  of  material  is  greater,  as 
also  the  cost  of  planting,  but  these  items  are  more  than  balanced  by 
the  saving  in  cultivation  and  the  assurance  of  success. 

The  Western  planter  is  measurably  restricted  by  the  number  of 
species  of  trees  that  will  succeed  in  his  locality;  but  while  the  climate 
limits  the  number  of  species  that  he  can  grow,  there  is  yet  a  wider 
range  of  choice  than  lias  thus  far  been  exercised.  As  already  indi- 
cated, th(»  major  pai't  of  a  Western  plantation  should  be  of  a  dense- 
foliaged,  quick-growing  species;  and  in  the  choice  of  this  variety  the 
planter  is  limited  to  one  or  two  kinds.  For  the  remaining  trees  of 
his  plantation,  however,  there  is  quite  a  wide  range  of  choice,  and  the 
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plantation  should  be  sufficiently  varied  in  its  forms  to  meet  all  possi- 
ble needs.  With  careful  manaji:ement,  a  plat  of  20  acres  of  forest 
trees,  well  selected  and  properly  ^rown,  can  be  depended  upon  io 
supply  the  ordinary  Western  farm  with  the  greater  i)art  of  the  timber 
needed  upon  it,  though  it  could  not  be  expected  to  supply  fuel.  If 
the  farmer  desires  to  grow  post  timber,  black  locust  is  one  of  the  best 
t  rees  he  can  pl^nt ;  but  this  tree  does  not  succeed  north  of  Nebraska. 
It  is  a  light-demanding  species,  and  is  subject  to  l)orers,  and  hence 
sliould  be  distributed  singly  among  shade-making  kinds.  If  wood 
for  machine  repairs  is  wanted,  green  ash  is  best  adapted  to  the  pur- 
pose. It  can  be  raised  throughout  the  West,  but  is  also  a  light- 
demanding  species  and  must  be  grown  among  shade-making  kinds. 
These  illustrations  will  show  the  importance  of  including  in  all  planta- 
tions a  number  of  species  of  timber  trees  having  varied  characteristics. 

ILLUSTRATIVE   TREE   MIXTURES.  ' 

The  best  distance  at  which  to  plant  is  o  by  3  feet,  and  next  to  this 
is  4  by  4  feet,  the  latter  spacing  being  the  widest  that  should  be  used 
on  the  plains. 

At  3  by  3  feet,  4,840  trees  will  be  required  for  an  acre;  at  3|  by  3^ 
feet,  3,781,  and  at  4  by  4  feet,  2,722.  In  the  southern  part  of  the 
plain  region,  Russian  mulberry,  catalpa,  black  wild  cherry,  black 
locust,  green  ash,  bur  oak,  white  elm,  black  walnut,  and  Scotch  pine 
could  be  used  in  mixture  according  to  the  following  diagram : 
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M,  Russian  mulberry:  C,  Hardy  catalpa;  A.  Green  ash;  E,  White  elm;  L,  Black 
locust;  O,  Bur  oak;  W,  Black  walnut;  P,  Scotch  pine;  BC,  Black  wild  cherry. 

The  number  of  trees  of  each  species  required  for  an  acre  would  be 
as  follows: 


Mulberry. 1,815 

Catalpa 1, 210 

Black  wild  cherry > 605 

Black  locust 605 

Green  ash 151 

White  elm 152 


Bur  oak 75 

Black  walnut- 75 

Scotch  pine 152 


Total 4,840 
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An  inspection  of  the  above  diagram  will  show  that  the  mulberry, 
catali)a,  and  black  wild  cherry,  shade-enduring  trees,  constitute  three- 
fourths  of  the  planting,  leaving  the  remaining  fourth  to  light-demand- 
ing species;  black  locust,  a  rapid-growing  tree  and  one  of  our  very 
best  post  timbers,  makes  up  one-half  of  the  light-demanding  species; 
green  ash,  white  elm,  and  Scotch  pine  (for  which  ash  could  be  sub- 
stituted) each  constitute  one-fourth  of  the  remainder,  while  bur  oak 
and  black  walnut,  at  intervals  of  12  by  24  feet,  fill  the  remaining 
places.  The  mixture  has  been  arranged  with  reference  to  the  light 
requirement  of  the  trees.  Catalpa  and  mulberry  alternate  with  eacli 
other  in  the  rows,  so  that  at  the  thinning  time,  if  it  is  desirable  to 
remove  either^  the  other  will  protect  the  soil.  The  catalpa  pushes 
late  in  spring  and  its  leaves  drop  with  the  first  frost,  so  that  alone 
it  is  not  a  good  nurse  tree;  but  mixed  with  mulberry,  which  has  an 
earlier  and  more  persistent  foliage,  the  defect  is  measurably  over- 
come. The  catalpa,  grown  close,  will  make  poles  in  five  to  ten  years, 
so  that  if  at  the  first  thinning  this  variety  is  removed  it  will  give  an 
abundance  of  room  for  the  other  trees — admitting  light  not  only  to 
its  own  rows,  but  to  the  more  permanent  trees  adjoining  it — and  will 
yield  a  good  return  in  sticks  large  enough  for  pole  fencing,  stakes,  or 
stove  wood. 

When  the  catalpa  is  removed,  the  black  wild  cherry  and  mulberry 
will  soon  close  the  breaks  made  in  the  leaf  canopy,  and  thus  weed 
growth  will  be  prevented.  At  the  next  thinning,  in  from  fifteen  to 
twenty  years,  the  mulberry  will  be  large  enough  to  make  from  two  to 
four  posts  per  tree,  or,  if  deemed  more  desirable,  a  part  of  the  black 
locusts  will  be  found  large  enough  for  use.  By  this  time  the  cherries 
should  average  30  to  35  feet  in  height,  and  it  may  be  necessary  to  aid 
the  oaks,  either  by  removing  the  adjacent  mulberries  and  cherries,  or 
by  cutting  their  lateral  branches.  All  the  trees  will  have  been  forced 
to  grow  tall  and  straight. 

For  the  more  northern  part  of  the  plains  the  number  of  species 
would  have  to  be  reduced  or  substitutions  made,  as  experiments  seem 
to  indicate  that  the  shade-end ui-ing  species  are  box  elder  and  black 
wild  cherry,  and  the  light-demanding  forms  that  have  proved  success- 
ful are  white  elm,  green  ash,  bur  oak,  cottonwood,  Scotch  pine,  and 
Austrian  pine.  Red  cedar  and  the  spruces  are  shade  enduring,  and 
tlie  bull  pine  (Piniis  ponderosa)  of  the  Black  Hills  will  doubt  less  be  a 
usiiful  addition  to  this  list. 

Tlie  white  spruce  or  Douglas  spruce  could  be  substituted  for  catalpa, 
box  elder  for  mulberry,  and  white  elm  for  locust,  increasing  the  num- 
ber of  green  ash  to  302  in  place  of  the  white  elm  indicated  in  the 
mixture;  or,  if  only  broad-leafed  trees  are  to,  be  used,  the  following 
mixture  could  be  made: 
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B,  Box  elder;  A,  Green  ash;  C,  Black  wild  cherry;  E,  White  elm;  O,  Bur  oak; 
L,  Yellow  birch. 

On  the  basis  of  this  diagram  it  would  require  per  acre,  planted  3  by 
3  feet,  the  following  number  of  trees  of  each  species: 


Box  elder 3,630 

Black  wild  cherry 607 

Green  ash 201 


White  elm 201 

Yellow  birch 151 

Bur  oak 50 

In  this  mixture,  box  elder  is  used  as  the  early  maturing,  dense- 
foliaged  form,  and  constitutes  three-fourths  of  the  trees.  They  are 
so  placed  that  the  alternate  trees  in  the  solid  box-elder  rows  may  be 
removed,  and  the  more  permanent  trees  will  still  be  surrounded  by 
good  shade-making  kinds.  Should  all  the  nurse  trees  be  removed, 
t^le  black  wild  cherry,  constituting  one-half  of  the  remainder  of  the 
plat,  would  become  the  dominant  tree,  and,  being  a  shade-enduring 
kind,  would  act  relatively  the  same  as  box  elder.  The  cherries  are  so 
placed  tl^t  if  all  the  box  elders  were  cut  out,  the  light er-foliaged 
f  oruil^  tvould  each  be  surrounded  by  cherries.  The  box  elder  will  not 
make  as  useful  a  timber  for  any,  purpose  as  catalpa,  but  the  latter 
species  is  not  hardy  north  of  central  Nebraska,  and  grows  poorl}^ 
west  of  the  ninety-ninth  meridian  in  Kansas,  so  that  it  is  only  avail- 
able in  a  comparatively  small  part  of  the  West.  The  cottonwood  is 
not  recommended,  as  other  and  better  trees  can  be  grown  in  its 
place.  The  box  elder  grows  rapidly  only  during  its  youth,  and  within 
ten  or  fifteen  years  the  remaining  trees  may  be  expected  to  overtop 
it;  but  where  fuel  is  as  scarce  as  on  the  plains,  even  the  first  box- 
elder  thinnings,  at  seven  to  ten  years  from  planting,  will  be  found 
very  useful  for  firewood. 

The  black  locust  can  be  grown  throughout  Nebraska  south  of  the 
sand  hills,  but  it  does  not  succeed  in  the  northern  part  of  the  plain 
region,  nor  does  the  honey  locust,  though  this  will  stand  in  the  south- 
ern counties  of  South  Dakota.  The  mixtures  here  suggested  are  giv^en 
not  as  ideal  ones,  but  to  illustrate  the  practice.  The  important  point 
to  be  observed  is  the  necessity  of  having  a  good  shade  maker  as  the 
dominant  tree  in  the  beginning,  and  providing  for  a  suitable  distri- 
bution of  the  light-demanding  species  among  the  permanent  shade- 
enduring  kinds. 
A  95 13 
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The  climatic  conditions  throughout  the  States  between  the  Missis- 
sippi River  and  the  Rocky  Mountains  seem  to  indicate  that  the  cone- 
bearing  trees  are  better  adapted  to  the  plains  than  are  the  broad-leafed 
species.  The  excessive  evaporation  of  the  plains,  due  in  a  great 
measure  to  the  constant  winds,  is  much  more  trying  to  deciduous 
trees  than  to  evergreens,  the  foliage  of  which  is  especially  designed 
to  withstand  it. 

Experiments  have  been  conducted  in  the  cultivation  of  conifers  in 
the  West,  but  they  have  been  almost  invariably  attended  with  only  a 
small  measure  of  success,  or  have  failed  entirely.  The  few  except  ions, 
however,  prove  that  it  is  possible  to  make  certain  of  the  conifers  live, 
and  that,  once  established,  they  thrive  where  broad-leafed  trees  fail 
(as  in  the  sand  hills). 

It  should  be  stated  that  as  a  people  we  are  unfamiliar  with  the 
handling  of  young  cone-bearing  trees,  but  having  had  large  experi- 
ence, one  way  and  another,  with  deciduous  forms,  Ave  have  a  much 
better  understanding  of  the  requirements  of  the  latter.  Undoubtedly 
most  of  the  failures  with  conifers  in  the  West  have  resulted  from 
ignorance  on  the  part  of  the  shipper,  the  buyer,  and  the  planter.  In 
digging  deciduous  trees  but  little  care  is  necessary  to  protect  the 
roots.  Indeed,  the  writer  has  received  a  lot  of  oak  trees  the  roots  of 
which  looked  so  dry  that  they  were  planted  without  any  expectation 
of  their  growing,  but  only  a  small  per  cent  of  them  failed ;  and  others, 
notably  the  green  ash  and  catalpa,  will  stand  a  great  deal  of  abuse  of 
this  sort.  The  conifers,  however,  have  a  very  different  root  system, 
and  require  different  handling.  Take  almost  all  of  the  broad-leafed 
trees  that  thrive  in  the  West,  and  in  their  seedling  stage  they  have 
either  a  heavy  taproot,  like  the  catalpa,  walnut,  and  ash,  or  several 
equally  strong  main  roots  springing  from  near  the  collar,  which  have 
but  few  rootlets.  The  conifers,  on  the  other  hand,  have  a  mass  of 
fine  rootlets  by  the  time  they  have  attained  a  size  for  transplanting, 
and  even  w^ere  other  things  equal,  these  very  fine  roots  would  dry  out 
much  quicker  than  the  larger  roots  of  the  broad-leafed  trees. 

The  fact  that  the  roots  of  young  cone-])earing  trees  dvy  out  quicker, 
with  greater  resulting  injury,  than  those  of  other  tree  forms  can 
easily  be  established  by  exposing  elm  or  cherry  and  larch  seedlings 
for  a  few  hours  and  then  planting  them.  The  former  will  be  none 
the  worse  for  its  sun  ])ath,  but  the  latter  will  fail  to  grow.  The 
roots  of  cone-bearing  plants  should  not  be  exposed  to  the  drying 
action  of  the  air  from  the  time  they  are  taken  up  until  they  are  trans- 
planted. As  the  young  conifers  are  dug  tluMr  roots  should  be  plunged 
in  water  or  jiuddlcd  in  mud.  In  tii(^  storeliouse,  during  the  interval 
of  packing,  they  should  be  protected  by  damp  moss.  In  transit  they 
should  be  so  packed  as  to  avoid  heating  on  the  one  hand,  and  drying 
out  on  the  otliei*.  When  received  by  th(»  ])lanter,  they  should  at  once 
be  separated,  puddled,  or  dipped  in  water,  and  carefully  "lieeled  in" 
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(covered  temporarily  with  moist  earth)  in  a  shaded  location  until  they 
can  he  set.  When  the  planting  season  arrives,  a  moist,  cloudy  day 
should,  if  possible,  be  chosen  for  the  work,  and  the  young  trees  should 
be  taken  from  their  temporary  resting  place  and  carried  in  vessels  of 
water  to  the  field. 

In  planting,  none  but  fine  moist  soil  should  come  in  contact  with 
their  roots,  and  this  should  be  tramped  very  firm,  so  that  the  fine  soil 
will  be  brought  into  close  contact  with  the  rootlets.  Then  if  an  inch 
of  loose  soil  be  spread  over  the  toj),  making  the  surface  level  and  pre- 
venting drying  out,  the  tree  will  have  been  well  planted.  The  cone- 
bearing  trees,  as  a  rule,  do  not  start  so  readily  as  the  broad-leafed 
species.  They  have  as  great,  if  not  a  greater,  supply  of  stored  food, 
and  push  their  buds  vigorously,  but  the  roots  do  not  take  hold  of  the 
soil  so  readily,  new  roots  are  not  formed,  and  as  a  result  the  trees 
frequently  perish  after  a  seemingly  excellent  start  has  been  made. 

The  conifers  are  of  very  great  utility  in  Western  planting.  Being 
evergreen,  they  make  far  better  wind-breaks  than  do  the  deciduous 
trees,  and  herein  is  their  peculiar  value.  Tree  planting  on  the  plains, 
at  least  under  existing  conditions,  can  hardh^  be  expected  to  assume 
the  proportions  of  forest  planting,  and  hence  the  economic  value  of 
the  wood  of  pines  and  spruces  is  of  minor  importance.  They  do  not 
furnish  as  strong  lumber  as  do  the  ash  and  oak,  and  are  not  so  dura- 
ble in  contact  with  the  soil  as  black  locust  and  catalpa;  hence  for 
the  ordinary  farm  uses  the  timber  of  the  conifers  is  not  especially 
desirable. 

FOREST   PLANTING  IN   THE   SAND   HILLS. 

An  experiment  in  the  planting  of  forest  trees  in  the  sand  hills  of 
Nebraska  has  been  described  in  the  annual  reports  of  the  Division 
of  Forestry,  and  the  results  thus  far  attained  seem  to  indicate  that 
the  first  step  in  this  direction  will  be  the  growth  of  Banksian  pine 
on  the  sand  ridges.  These  sand  hills  occupy  approximately  an  area 
250  miles  long  (east  and  west),  and  from  50  to  70  miles  across.  The 
country  is  traversed  in  all  directions  by  high  hills  composed  of  almost 
pure  sand,  interspersed  with  grassy  valleys  which  are  good  grazing 
and  hay  lands.  The  hills  are  covered  with  a  sparse  growth  of  grasses 
and  weeds,  scarcely  enough  to  bind  the  sands,  which  are  frequently 
blow^i  out  in  large  areas,  often  making  great  holes  a  hundred  yards 
in  diameter  in  the  sides  of  the  hills.  The  wind  and  blowing  sand 
make  the  valle.ys  almost  uninhabitable,  and  even  were  these  diflBcul- 
ties  removed  the  soil  of  the  valleys  is  very  shallow,  and  will  not  long 
bear  cultivation.  The  experiment  undertaken  by  the  division  had 
for  its  object  the  determination  of  what  species  would  grow  on  these 
sand  hills. 

Without  going  into  details,  which  have  been  already  reported,  it 
may  be  said  that  of  a  number  of  species  of  deciduous  and  coniferous 
trees  planted  only  one  shows  decided  adaptability  to  this  unfavorable 
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locality.  The  Banksian  pine,  planted  on  the  highest  ridges  in  the 
heart  of  the  sand  hills  four  years  ago,  seems  thus  far  well  suited  with 
its  surroundings;  all  the  deciduous  trees  are  dead,  and  only  a  few 
ponderosa,  Scotch,  Austrian,  and  red  pines  remain.  The  land  was  not 
plowed,  as  such  a  procedure  would  have  caused  it  all  to  blow  away. 
Furrows  2  feet  apart  were  turned,  and  the  little  trees,  6  to  10  inches 
high,  were  planted  in  these  furrows  so  as  to  be  slightly  shaded  by  the 
ridges  formed  in  making  them.  The  Banksian  pines  are  now  from  18 
inches  to  4  feet  high,  and  are  each  year  growing  more  than  the  last. 
The  sand  of  which  the  hills  is  composed  is  fine,  like  clean  river  sand, 
and  during  the  driest  seasons  moisture  can  be  found  only  a  few  inches 
below  the  surface.  If  this  great  area,  lying  almost  midway  between 
Texas  and  the  British  Possessions,  could  be  covered  with  forest  trees, 
a  noticeable  improvement  in  the  climate  of  the  plains  would  result. 

From  the  action  of  the  other  species  of  pine  noted  it  is  safe  to  infer 
that  after  the  Banksian  pines  are  a  few  feet  high,  and  able  to  afford 
slight  protection,  other  and  more  valuable  species  can  be  grown  in 
their  shade.  The  Douglas  spruce  (Pseudotsuga  douglasii)  has  not 
stood  as  well  as  the  pines  in  this  experiment,  nor  is  this  surprising 
when  the  greater  shade  endurance  of  this  species  is  recalled.  It  is 
reasonable  to  hope,  however,  that  this  valuable  species  can  be  estab- 
lished in  the  shade  of  the  Banksians,  and  that  once  established  it  will 
serve  as  an  excellent  nurse  for  the  more  rapid-growing  pines.  After 
these  have  been  cut  off  the  spruce  will  be  left  as  the  dominant  trees. 

Every  forest  experiment  in  the  sand  hills  should  have  as  its  ulti- 
mate aim  an  extent  great  enough  to  warrant  systematic  management, 
conducted  on  the  general  principles  laid  down  in  the  annual  report  of 
the  Division  of  Forestry  for  1891.  Judging  by  the  action  of  the  trees 
in  the  Nebraska  sand  hills  experiments  thus  far,  the  following  dia- 
gram illustrates  what  might  be  a  safe  planting  scheme : 

BBBDBBBD 
BDBPBDBP 
BBBDBBBD 
BDBPBDBP 
BBBDBBBD 
BDBPBDBP 
BBBDBBBD 
BDBPBDBP 

Distance  between  trees,  2  feet  each  way.  Number  of  trees  to  tlie 
acre,  10,840,  of  which  0,775  are  Banksian  pine,  2,710  Douglas  spruce, 
and  1,355  pines  of  one  or  more  of  the  following  species:  Pinus pon- 
derosa^ P.  sylvestriSy  and  P.  reslnosa. 

The  l^anksian  pines  would  only  be  expected  to  stand  until  the  others 
were  estal)lished,  and  could  ])c  given  the  start  by  two  or  three  years. 
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From  the  action  of  the  trees  in  the  Nebraska  experiment,  it  would 
seem  that  the  DougUis  spruce,  if  used  at  all,  should  not  be  set  until 
at  least  three  years  after  the  Banksians.  In  case  the  spruce  is  omitted 
entirely,  the  Banksian  should  be  set  in  its  place. 

GENERAL  CULTURAL  NOTES. 

With  the  exception  of  the  sand  hills,  general  suggestions  may 
be  made  which  will  be  applicable  to  the  cultivation  of  forest  trees 
throughout  the  plains. 

Preparation  of  the  soil. — In  the  preparation  of  the  soil  too  much 
importance  can  not  be  attached  to  depth  of  plowing.  The  Western 
prairies,  through  long  exposure  to  the  action  of  the  elements  and  to 
the  tramping  of  the  countless  herds  of  buffaloes,  which  for  centuries 
found  in  them  a  favorite  pasture  ground,  have  become  far  more  com- 
pact than  the  forest-protected  soils  of  the  East.  After  a  prolonged 
drought,  such  as  frequently  occurs,  the  autumn  rains  are  not  readily 
absorbed  by  the  hard  soil,  and  much  moisture  that  might  be  saved  to 
crops  runs  off  and  is  lost  to  the  fields.  This  is  particularly  true  of  the 
western  parts  of  Nebraska  and  Kansas,  and  eastern  Colorado.  The 
same  lands  under  deep  tillage  act  very  differently.  Not  only  is  the 
absorbing  power  of  the  soil  increased  by  deep  plowing,  but  the  ability 
of  such  soil  to  retain  moisture,  under  proper  culture,  is  marked. 

Land  should  be  gradually  prepared  for  tree  planting  by  increasing 
the  depth  of  plowing  during  three  successive  years,  if  so  much  time 
can  be  given  to  the  work.  The  usual  practice  in  the  West  is  to  break 
the  land  in  June  or  July,  turning  as  thin  a  sod  as  possible,  and  laying 
it  flat,  for  which  purpose  the  breaking  plows  are  well  adapted. 
Sometimes,  on  early  breaking,  a  crop  of  sod  corn  or  flax  is  grown  the 
same  year.  After  one  crop  is  removed,  the  land  is  backset,  when  an 
inch  additional  is  turned.  For  tree  planting  the  depth  should  be 
increased  from  2  to  3  inches  at  a  time,  until  at  the  end  of  the  third 
year  the  land  may  be  plowed  10  to  12  inches  deep.  The  advantage  of 
this  gradual  preparation  is  in  the  complete  subjection  of  the  native 
growth  of  grasses  and  other  herbaceous  plants.  This  is  a  most 
important  point  in  the  economic  growing  of  trees  on  the  plains.  If 
the  native  growth  is  entirely  subdued,  so  that  no  live  grass  roots  are 
present  in  the  soil  when  the  trees  are  planted,  a  great  deal  of  after- 
labor  is  obviated. 

One  of  the  most  obvious  difficulties  in  the  way  of  successfully  meet- 
ing the  requirements  of  the  timber-claim  law,  which  resulted,  in  spite 
of  its  defects,  in  so  much  good  to  the  Western  States,  was  the  short 
time  allowed  between  breaking  the  prairie  sod  and  planting  the  trees. 
It  was  almost  impossible  under  the  methods  of  farming  in  vogue  in 
the  West  to  kill  out  the  native  vegetation  in  two  seasons,  but  by 
gradually  increasing  the  depth  of  jjlowing  and  by  planting  hoed  crops 
the  season  preceding  the  setting  of  trees,  the  land  can  be  completely 
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subdued.  Deep-plowed  land  will  absorb  much  more  of  the  melting 
snows  and  the  spring  rains  than  shallow-plowed  land  with  the  com- 
pact underclay  within  a  few  inches  of  the  surface.  By  the  time  the 
planting  season  opens,  in  a  year  of  ordinary  rainfall,  a  deep-plowed 
field  will  be  in  excellent  condition  to  receive  the  trees  so  far  as  mois- 
ture is  concerned. 

Thorough  pulverizing  of  the  soil  is  but  little  less  essential,  as  a 
preparation  for  trees,  than  deep  plowing.  The  particles  of  the  soil 
should  be  fine  in  order  that  they  may  be  brought  in  close  contact 
with  the  roots  of  the  trees,  and  thus  supply  them  with  moisture.  If 
the  field  is  rough  and  full  of  clods,  the  land  will  dry  out  rapidly. 
The  thorough  use  of  the  disk  harrow,  clod  crusher,  pulverizer,  and 
smoothing  harrow  is  quite  as  important  in  preparing  land  for  trees  as 
in  the  preparation  of  a  field  for  a  crop  of  wheat.  Not  only  will  trees 
start  more  quickly  when  set  in  well-prepared  soil,  but  the  growth  will 
be  more  uniform  and  strong. 

As  in  all  other  hoed  or  cultivated  crops,  it  is  important  to  keep  the 
surface  of  the  soil  in  fine  tilth  until  the  trees  have  grown  sufficiently 
to  shade  the  ground.  Deep  plowing  and  shallow  cultivation  should 
be  the  rule  in  all  kinds  of  Western  farming.  The  deep  plowing  gives 
a  large  absorptive  area,  and  shallow  cultivation  places  over  the  moist 
soil  a  dust  blanket  that  acts  as  a  most  effective  mulch,  checking 
evaporation  and  thus  retaining  the  soil-moisture  for  the  use  of  the 
trees.  The  Western  planter  must  keep  constantly  in  mind  the  neces- 
sity of  saving,  by  every  possible  means,  the  moisture  of  the  soil.  In 
the  Eastern  States,  which  have  a  well-distributed  rainfall  of  from  30 
to  50  inches,  this  is  a  point  of  comparatively  little  consequence;  but 
beyond  the  Mississippi  its  importance  increases  as  one  goes  westward. 

Planting  trees. — In  planting  trees  careful  alignment  will  save  much 
labor  in  cultivation.  It  will  pay  to  mark  the  land  as  carefully  as  for 
corn  where  groves  of  10  acres  or  less  are  to  be  set,  and  to  begin  plant- 
ing all  the  rows  from  the  same  side  of  the  field,  as  the  slight  deviation 
resulting  from  pressing  the  spade  forward  in  planting  will  thus  bring 
all  the  trees  in  even  crossrows.  Almost  all  seedling  forest  trees  can 
be  set  with  a  broad  dibble  or  spade,  which  is  sunk  blade  deep  at  the 
cross  mark,  the  soil  pressed  forward,  the  roots  so  inserted  as  to  avoid 
turning  the  tip  upwai-d,  and  the  soil  ])ressed  firmly  about  the  collar 
with  the  feet,  brushing  a  little  loose  dirt  over  the  pressed  places  to 
prevent  baking.  When  planting  in  this  way,  the  seedlings  can  be  car- 
ried in  a  i)ail  with  a  littler  water  or  moist  earth.  In  mixed  i)lanting 
it  will  be  found  most  convenient  to  set  all  the  trees  of  the  prevailing 
species  first,  leaving  the  places  for  the  kinds  that  are  to  be  used 
in  smaller  quantity  to  be  i)lante(l  afterwards.  Where  two  or  three 
shades  makers  are  used  the  same  method  can  be  followed,  or  each  kind 
may  be  liandh'd  by  a  different  planter,  all  working  together. 

It  is  also  desirable  to  take  all  the  trees  to  the  plat  to  be  planted 
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and  heel  tlieiii  in  where  they  can  he  easily  reached.  Special  care 
should  be  taken  to  prevent  the  drying  of  the  roots  of  conifers.  Where 
tlie  roots  are  large  and  fibrous,  it  will  l)e  found  best  to  dig  a  hole  for 
the  trees,  setting  them  in  the  same  manner  that  orchard  trees  are 
planted.  Care  should  be  taken  to  secure  perfect  alignment  in  this 
method,  as  when  the  rows  are  irregular  it  is  impossible  to  bring  the 
cultivator  close  to  the  trees. 

Exposure  of  roofs. — It  occasionally  happens  in  the  West  that  dur- 
ing the  early  summer,  or  after  the  leaves  have  dropped  in  the  fall, 
the  surface  soil  will  be  blown  away  by  the  hard  winds,  exposing  the 
roots  to  the  drying  atmosphere.  To  prevent  this,  the  trees  should  be 
set  an  inch  deeper  than  they  grew  in  the  nursery,  and  in  autumn, 
after  the  leaves  have  fallen,  a  shallow  furrow  should  be  turned  to  the 
trees,  so  as  to  throw  the  dirt  against  the  trunk.  This  can  be  done 
with  the  shovel  attachments  of  the  ordinary  wheel  hoe,  which  is  one 
of  the  most  useful  implements  that  can  be  used  in  the  young  tree 
plantation. 

Cultivation. — The  amount  of  cultivation  beneficial  to  young  trees 
can  not  be  determined  by  freedom  from  weeds,  nor  by  the  number  of 
times  the  operation  is  performed.  In  seasons  of  prolonged  drought 
frequent  stirring  of  the  surface  soil  will  be  found  of  great  benefit,  as 
it  will  keep  over  the  surface  a  layer  of  loose,  fine  earth,  which  will 
quite  effectively  check  evaporation  from  the  moist  soil  below.  After 
rains  the  stirring  of  the  surface  soil  will  prevent  the  formation  of  a 
crust,  which  indicates  the  too  rapid  loss  of  water  from  the  soil.  Weeds 
and  grass  should  be  kept  out  of  the  trees,  because  they  use  the  mois- 
ture that  will  be  needed  for  tree  growth.  Ordinary  shallow  cultivation 
will  be  found  sufficient  for  annual  weeds — including  the  Russian 
thistle,  sunfiower,  and  mustard — if  begun  early  and  continued  regu- 
larly, but  the  only  way  to  get  rid  of  the  couch  grass  (Agropyrum 
repens)  is  to  carefully  dig  out  its  underground  stems  and  remove 
them.  It  is.  well  to  be  on  the  watch  for  this  pest,  for  when  once 
established  among  trees  it  is  almost  impossible  to  eradicate  it. 

Cultivation  should  cease  at  midsummer,  in  order  not  to  encourage 
too  late  growth  and  consequent  danger  of  winterkilling.  Thereafter 
large  weeds  can  be  cut  out  with  a  hoe,  or  a  thin  crop  of  oats  or  buck- 
wheat can  be  sown  among  the  trees  to  hold  the  soil  during  the  di-ying 
winds  of  late  summer  and  early  autumn.  After  the  leaves  fall,  a  shal- 
low furrow  turned  against  the  trees  will  prevent  exposure  of  the  roots 
by  the  late  fall  and  early  spring  winds. 

The  best  implement  for  cultivating  young  trees  is  a  liarrow-tooth 
culivator.  The  horse  hoe,  with  its  varied  attachments,  is  useful  in 
the  tree  plantation,  as  well  as  in  the  fruit  and  vegetable  garden. 
During  the  first  year  a  two-horse  cultivator  can  be  used,  but  it  should 
always  work  shallow;  the  result,  however,  is  not  so  satisfactory  as 
with  the  finer-toothed  machine. 
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Two  or  three  years,  depending  on  distance  and  upon  the  season, 
should  be  sufficient  for  the  cultivation  of  any  carefully  designed  mix- 
ture of  forest  trees.  At  the  beginning  of  the  second  season  all  blanks 
should  be  reset,  and  again  the  third  spring.  This  should  insure  a 
full  stand  of  trees.  Thereafter  the  knife  and  pruning  shears  must 
take  the  place  of  the  cultivator. 

Pruning  a  young  plantation. — In  a  properly  designed  plantation  of 
forest  trees  very  little  pruning  is  necessary,  though  the  temptation  to 
use  the  knife  is  often  great.  If  in  passing  through  the  plat  a  tree  of 
upright  habit  is  found  to  be  forked  near  the  ground,  or  to  be  forming 
two  leaders,  one  of  the  branches  should  be  cut  aw  ay. 

If  the  shade-enduring  trees  are  found  to  be  overtopping  the  light- 
demanding  kinds,  the  former  must  be  headed  in.  This  rule,  however, 
must  be  used  with  judgment.  It  will  often  happen,  as  with  the  oaks, 
that  the  more  valuable  species  is  seemingly  harmed  by  its  neighbors, 
when  in  reality  it  is  making  strong  root  growth,  and  is  none  the  worse 
for  the  temporary  overtopping. 

Many  trees,  like  the  black  wild  cherry,  form  a  mass  of  fine  branches 
while  young  and  look  as  though  they  would  never  make  a  leader  and 
grow  to  a  single  trunk.  These  should  be  permitted  to  grow  without 
pruning  in  thick-set  plantations.  As  soon  as  their  neighbors  begin  to 
crowd  them  one  of  the  many  branches  will  take  the  lead,  and  the  plant 
will  assume  tree  form,  the  many  lateral  branches  dying  off  as  the  stem 
grows  upward. 

It  is  no  advantage  to  ' '  trim  up  "  young  trees  by  the  removal  of  their 
lower  branches  w^hen  they  reach  a  height  of  from  12  to  20  feet,  espe- 
cially in  mixed  plantations  and  on  the  prairies.  The  very  purpose  of 
close  mixed  planting  is  to  force  the  trees  to  prune  themselves,  and 
they  can  be  depended  upon  to  do  this  as  it  becomes  necessary.  The 
lower  branches  aid  very  much  in  making  the  plantation  effective  as  a 
wind-break.  While  small  and  weak,  in  the  aggregate  they  make  a 
strong  barrier  to  the  wind,  and  should  be  left  for  this  purpose,  if  for 
no  other.  A  possible  exception  may  be  named  in  the  catalpa;  but 
even  in  this  tree  the  lateral  branches  should  only  be  removed  as  they 
show  signs  of  dying,  and  then  only  because,  being  persistent  and  not 
shed  after  a  j^ear  or  so,  as  with  most  deciduous  trees,  they  make 
defects  in  the  timber  of  the  trunk. 

Thinning. — Thinning  trees  planted  3  by  3  feet  is  seldom  if  ever 
necessary  until  from  five  to  seven  years  after  planting;  and  at  the 
first  thinning  the  removal  of  comparatively  few  trees  will  be  advis- 
able. It  may  be  best  to  head  in  some  of  these  trees  by  clipping  their 
lateral  brancthes  in  the  intervals  between  thinning,  but  our  strong 
Western  soils  should  be  able  to  carry  the  full  stand  until  from  five  to 
ten  years  old,  and  the  subsequent  thinnings  should  be  at  intervals  of 
from  seven  to  ten  years. 
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TREE  PLANTING  IN  WASTE  PLACES  ON  THE  FARM. 

By  Charles  A.  Keffer, 
Assistant  Chief,  Division  of  Forestry,  U.  S.  Department  of  Agriculture. 

GENERAL  REMARKS. 

This  article  is  purposelj^  confined  to  the  treatment  of  limited  areas 
of  land  rather  than  the  planting  of  waste  lands  in  general,  because  it 
is  thought  that  there  are  very  few  farms  in  the  United  States  in  which 
such  limited  areas  do  not  occur,  for  the  planting  of  which  practical 
suggestions  may  be  given,  while  for  the  larger  operations  of  exten- 
sive wastes — such  as  dunes,  sand  hills,  and  deforested  mountain 
lands — the  methods  of  technical  forestry  are  more  applicable. 

In  the  most  favored  region  the  farm  "  of  which  every  foot  is  arable" 
is  seldom  seen.  Even  on  the  richest  of  prairie  farms  the  crests  of  the 
rolling  surface  are  apt  to  become  impoverished  after  years  of  tillage, 
in  spite  of  the  best  efforts  of  the  farmer,  and  when  the  crops  fail  to 
pay  for  the  labor  expended  on  them  the  land  is  as  surelj^  ' '  waste " 
as  though  it  were  undrained  swamp  or  rocky  hillside.  In  the  less 
densely  populated  parts  of  the  country,  where  land  is  cheap,  the 
fields  are  abandoned  when  this  stage  is  reached.  In  the  East  and 
South,  that  is,  within  the  forest  area,  where  the  entire  country  was 
once  covered  with  forest,  natural  reforestation  soon  takes  place,  and 
in  a  few  years  the  old  fields  are  clothed  with  pines,  spruces,  and  decid- 
uous trees,  the  varieties  being  dependent  upon  the  adjacent  growth. 
Within  this  area  the  farmer  can  always  control  the  character  of  the 
forest  growths  on  the  waste  lands  of  his  farm,  either  by  planting  or  bj^ 
use  of  the  axe,  or  both,  and  there  is  oftentimes  great  need  of  good 
judgment  in  cutting  out  inferior  trees  or  undesirable  varieties. 

The  farm  is  to  be  regarded  as  the  capital  of  the  farmer,  which  is 
invested  at  its  best  only  when  every  acre  is  producing  the  most  valu- 
able crop  in  the  greatest  quantity  of  which  it  is  capable.  Unproduc- 
tive land  is  as  surely  " dead  stock"  as  unsalable  merchandise,  and  just 
as  the  merchant  finds  a  higher  rate  of  profit  in  some  lines  of  trade 
than  in  others,  so  the  farmer  finds  certain  fields  more  profitable  than 
others.  Both  merchant  and  farmer  are  forced  at  times  by  the  exigen- 
cies of  business  to  continue  the  less  profitable  investments,  and  he  is 
most  successful  who  turns  them  to  the  greatest  possible  account. 

The  thin-soiled  ridges  of  the  farm,  covered,  as  they  may  be,  with 
forest  growth,  fulfill  a  threefold  purpose:  they  form  a  wind-break  to 
the  adjacent  fields,  increasing  thereby  their  productiveness;  they  hold 
the  drifting  snows,  and  insure  their  slow  melting,  thus  prolonging  the 
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opportunity  for  absorption  of  the  snow  water  by  the  adjacent  fields 
of  lower  elevation ;  and  they  prevent  late  and  early  frosts  by  creating 
air  currents  and  controlling  their  direction. 

Few  farmers  seem  to  have  realized  the  great  value  of  a  close-planted, 
thick-foliaged  grove  as  a  conservator  of  moisture.  The  effectiveness 
of  a  wind-break  depends  upon  its  location,  density,  extent,  and 
height.  Well-planted  groves,  set  thick  at  the  borders,  especially 
with  coniferous  trees,  located  on  the  crests  of  the  ridges  in  the  prairie 
farms  of  the  Mississippi  and  Missouri  valleys,  would  do  much  toward 
breaking  the  force  of  the  winds  which  blow  so  constantly,  protecting 
the  crops  on  the  sheltered  slopes  and  forming  protected  runways  for 
stock  in  winter.  The  snows  accumulating  in  such  groves  are  shaded 
from  the  sun,  and  long  after  the  adjacent  fields  are  bare  the  snow  is 
slowly  melting  and  the  water  trickling  down  over  the  plowed  fields, 
which  are  thus  thoroughly  saturated. 

It  is  not  to  be  supposed  that  limited  plantations,  confined  to  the 
waste  places  of  the  farm,  would  have  an  appreciable  effect  on  the  gen- 
eral climate  of  a  region,  for  the  influences  must  be  great  that  can 
affect  atmospheric  conditions  over  a  wide  area.  Locally,  however, 
the  planting  of  hilltops  and  the  consequent  heightening  of  elevations 
will  often  result  in  the  creation  of  air  currents  that  will  prevent  cold 
air  from  settling  in  the  lowlands  between,  thus  obviating  late  spring 
and  early  autumn  frosts,  and  this  protection  can  be  made  more  efficient 
if  the  configuration  of  the  neighboring  lands  be  studied  with  a  view 
to  creating  the  strongest  possible  draft. 

In  regions  where  tender  vegetables  and  fruits  are  largely  cultivated 
such  protection  may  be  of  primary  importance,  and  the  clearing  of 
adjoining  hill  crests  and  slopes  will  often  result  in  serious  disturbance 
of  the  local  climate. 

The  great  utility  of  forest  plantations  in  saving  snow  water  to  the 
adjacent  fields  has  been  mentioned.  The  summer  rains  are  also  saved 
to  the  farm  by  the  same  means.  Following  the  deep-descending  roots 
of  the  trees,  they  are  retained  in  the  lower  strata  of  the  soil  and  then 
pass  to  the  adjoining  lands  and  are  brought  Avithin  reach  of  the  grow- 
ing plants.  Such  plantations  are  beneficial  also  in  checking  evapora- 
tion from  the  growing  crops  by  breaking  the  force  of  the  wind.  This 
utility  is  of  the  utmost  importance  in  the  Western  States,  where  there 
are  no  natural  groves  except  near  the  rivers. 

Situated  on  the  crests  of  slopes  whose  sides,  together  with  the  low- 
lands between,  are  under  tillage,  a  forest  plantation  has  much  greater 
value  as  a  wind-break  than  where  the  order  is  reversed,  or  than  on 
level  ground.  As  the  winds  are  in  general  parallel  to  the  earth's  sur- 
face, any  obstruction  which  turns  them  upward  on  a  rising  slope  will 
protect  the  land  beyond  such  slope.  The  matter  of  protecting  a  crop 
at  crucial  periods  of  its  development  is  a  vital  one  in  Western  fanning, 
where  it  not  infrequently  occurs  that  hot  south  winds  sweep  over  the 
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country  while  the  grain  is  in  the  milk  or  dough  stage  and  completely 
ruin  it.  Instances  of  fields  protected  from  such  storms  by  well-growTi 
forest  i)lats  are  not  uncommon.  Windstorms  of  great  severity  are 
also  of  frequent  occurrence  in  the  spring,  when  the  young  grain  is 
literally  twisted  off  at  the  surface  of  the  ground  or  the  soil  is  so  blown 
away  as  to  exjiose  the  roots.  It  is  as  a  protection  against  such  storms 
that  the  planting  of  thin-soiled  ridges  and  fence  lines  and  of  the  por- 
tion of  the  section-line  highways  not  needed  for  the  purpose  of  travel 
is  urged. 

In  general,  the  climatic  conditions  of  the  forested  area  of  the  country 
are  less  extreme  than  those  of  the  plains,  but  with  the  record  of  the 
three  recent  drought  years  the  need  of  moisture  conservation  is  appar- 
ent alike  in  the  East  and  West. 

While  in  the  AVest  the  thin-soiled  ridges  are  best  devoted  to  tree 
growth  for  wind-breaks  and  snow  catches,  throughout  the  Eastern 
and  Southern  States  such  localities  should  be  kept  in  trees  for  the 
prevention  of  erosion  or  gullying,  one  of  the  most  troublesome  results 
of  tillage. 

The  general  action  of  the  elements  in  uneven  or  rolling  surfaces 
invariably  tends  to  carry  the  more  fertile  top  mold  of  the  higher 
ground,  or  at  least  the  decaying  vegetation  on  the  surface,  to  the 
lower  levels,  which  thus  relatively  increase  in  fertilitj^at  the  expense 
of  the  elevations  above  them.  In  addition  to  this  general  tendency 
there  have  been  deposited  throughout  the  Northwestern  States,  by 
glacial  and  water  action,  drift  soils  containing  a  great  quantity  of 
bowlders,  which  are  especially  thick  on  the  high  ridges,  making  their 
cultivation  very  expensive.  In  many  localities  throughout  the  Mis- 
sissippi Valley  the  trend  of  the  underlying  strata  of  rocks  is  uj^ward, 
often  coming  so  close  to  the  surface  in  the  ridge  lands  as  to  render 
them  worthless  for  cultivation.  Along  many  river  and  creek  valleys 
the  hills  which  confine  the  lowlands  rise  so  abruptly  as  to  make  cul- 
tivation impracticable.  These  and  many  other  special  cases  which 
might  be  mentioned  constitute  the  waste  highlands  of  farms,  all  of 
which  should  be  devoted  to  forest-tree  culture. 

Trees,  as  has  been  seen,  can  exist  and  make  a  profitable  growth  on 
lands  too  poor  to  support  farm  crops.  When  planted  in  the  thin  soil 
of  a  limestone  hill  crest,  they  may  make  verj^  slow  growth  during  the 
first  few  years;  but  as  the  soil  becomes  shaded  by  the  tree  tops  the 
growth  becomes  more  rapid,  and  when  the  trees  have  attained  a  strong 
foothold,  their  roots  penetrating  the  crevices  of  the  rocks  to  the  water 
below,  they  grow  with  additional  vigor. 

Yet,  it  is  not  to  be  expected  that  as  vigorous  growth  can  be  secured 
in  these  high  waste  places  as  in  the  lower,  moist,  and  deep  soils. 
Because  the  white  cedar,  the  cypress,  and  the  tamarack  are  found  in 
swamps,  where  the  surface  of  the  soil  is  under  water  more  than  half 
the  year,  it  does  not  follow  that  this  is  the  ideal  condition  for  them; 
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neither  must  it  be  thought  because  scrubby  red-cedar  trees  find  a 
lodgment  in  the  limestone  outcrop  of  the  Kansas  River  bluffs  that  such 
sites  are  the  best  for  their  growth.  Such  instances  only  prove  the  great 
capability  of  trees  to  endure  adversity,  and  show  that  there  are  few 
waste  places  in  which  they  can  not  grow. 

One  has  only  to  recall  the  general  character  of  the  waste  places  of 
the  farm  to  realize  how  little  can  be  gained  from  cropping  them.  The 
ridge  soils  are  too  thin  to  support  a  growth  of  cereal  crops;  the  swamp 
soils  are  too  wet  for  tillage;  the  cultivation  of  irregular  plats  of  small 
extent  becomes  too  expensive,  by  reason  of  the  difficulties  of  plow- 
ing, seeding,  and  harvesting.  Once  in  trees,  these  difficulties  are 
reduced  to  a  minimum.  The  thin  soils  of  the  ridges  are  protected 
from  the  weather  by  the  tree  crowns,  and  their  decaying  foliage  grad- 
ually increases  the  fertility  of  the  soil. 

Of  the  planting  of  swamp  lands  on  the  farm,  little  need  be  said,  for 
the  reason  that  such  lands,  properly  drained  and  managed,  are  too 
valuable  for  tillage  to  be  used  for  tree  culture.  There  is  deposited  in 
them  not  only  the  decayed  vegetation  by  which  they  have  been  cov- 
ered for  hundreds  of  years,  but  also  much  of  the  fertile  materials 
which  the  descending  waters  have  brought  from  the  higher  levels.  If, 
however,  drainage  is  impossible,  such  land  is  much  better  covered 
with  trees  than  standing  idle.  Throughout  the  irrigated  districts  of 
the  West  many  places  also  are  made  too  wet  for  tillage  by  seepage 
from  the  ditches.  Such  places,  if  properly  underdrained,  may  be  con- 
tinued in  cultivation  without  especial  difficulty,  but  if  for  any  reason 
drainage  can  not  be  accomplished  the  "seepage  spots"  can  be  profit- 
ably planted  to  trees. 

The  odd  corners  and  fence  rows  of  American  farms  represent  in  the 
aggregate  a  great  quantity  of  unproductive  land,  which  might  be 
planted  to  trees.  Such  limited  areas,  often  composed  of  but  a  few 
square  rods  or  very  narrow  strips,  can  not  be  treated  as  forest,  but 
trees  must  be  grown  on  them  for  special  purposes,  in  which  timber 
production  will  hardly  be  considered. 

The  highways  throughout  the  farming  districts  of  the  United  States 
may  be  bordered  with  trees,  which,  while  giving  shade,  may  be  used 
as  living  fence  posts,  or  may  become  valuable  nut  orchards,  but  in 
any  event  will  afford  protection,  in  winter  and  summer  alike,  to  the 
traveler  and  to  the  adjacent  fields.  In  Minnesota,  Wyoming,  and 
other  Western  States  the  highways  are  at  least  GO  feet  wide,  and  often 
a  hundred.  These  tracts,  separated  only  by  wire  fences  from  the 
cultivated  fields,  are  not  merely  waste  lands,  but,  for  the  most  pnvty 
veritable  i)roi)agating  beds  for  noxious  weeds,  which  cause  much  loss 
to  the  farmer.  Try  as  he  may,  he  can  not  protect  his  lands  from 
Russian  thistle,  mustard,  and  the  numerous  other  weed  pests  so  long 
as  these  broad  highways  exist  as  a  seeding  ground  for  them.  If  tliey 
were  planted  to  trees,  with  a  vigorous  undergrowth  to  protect  the 
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surface  of  the  soil,  they  woukl  not  only  make  any  weed  growth  impossi- 
ble, but  would  also  be  a  potent  means  of  preventing  the  dissemination 
of  weeds  from  one  section  to  another,  by  arresting  them  when  car- 
ried by  the  winds.  In  many  of  the  Western  States  the  farmer  is  per- 
mitted by  law  thus  to  plant  a  portion  of  the  highway  with  trees. 

Yet,  another  form  of  waste  land  is  to  be  considered;  and  here  the 
farmer  living  within  the  forest  area  is  much  more  concerned  than  the 
prairie  dweller.  Had  the  adaptability  of  soils  to  tillage  been  made 
the  basis  of  clearing  lands  in  the  early  days,  there  would  be  less  talk 
of  "thin"  soils  now,  for  on  many  farms  lands  were  cleared  which 
should  never  have  been  stripped  of  their  first  cover.  Steep  hillsides, 
rocky  slopes,  highlands  with  hardly  a  foot  of  soil  between  the  surface 
and  the  underlying  rock,  have  been  denuded  of  their  forest  cover,  and 
their  subsequent  tillage  has  been  all  but  profitless  to  the  farmer. 
With  constant  cropping  they  have  become  so  impoverished  that  their 
cultivation  has  been  abandoned.  Yet,  they  have  still  enough  fertility 
to  support  a  vigorous  tree  growth.  On  many  New  England  farms 
such  thin  lands  have  been  planted  to  white  pine  with  the  most  encour- 
aging results.  In  many  rocky,  drift,  eroded,  and  exhausted  hill  farms 
there  is  a  depth  of  soil  sufficient  for  the  requirements  of  all  varieties 
of  trees,  and  the  farmer  within  the  forest  area  has  thus  a  wide  range  of 
choice  in  the  selection  of  trees.  He  may  grow  timber  for  railroad 
ties,  for  posts,  for  telegraph  poles,  for  lumber,  and  for  many  other 
purposes,  using  the  species  that  is  best  adapted  to  his  need  and  to  his 
locality. 

In  the  Southern  States  the  loblolly  and  short-leaf  pines  can  be  quite 
as  readily  grown  as  the  white  pine  at  the  North.  The  loblolly  seems 
to  consider  the  abandoned  fields  its  heritage,  for  throughout  the  lower 
Atlantic  and  Gulf  States  it  quickly  covers  the  old  fields  with  its  seed- 
lings, which  grow  rapidly. 

THE  FARM  NURSERY. 

When  such  species  as  catalpa,  box  elder,  black  locust,  green  ash, 
white  elm,  and  silver  maple  can  be  bought  for  less  than  $2  per  thou- 
sand for  strong  one-year  old  plants,  it  would  seem  cheaper  to  purchase 
than  to  grow  from  seed.  But  with  land,  tools,  and  teams  at  hand,  a 
forest-tree  nursery  can  be  cultivated  at  very  little  expense,  and  the 
farmer,  by  gathering  seed  of  the  native  trees,  and  purchasing  desira- 
ble seeds  not  to  be  had  at  home,  can  grow  on  a  fraction  of  an  acre 
seedlings  enough  for  an  extensive  plantation. 

Of  the  broad-leafed  trees,  the  silver  maples,  elms,  poplars,  cotton- 
wood,  aspen,  and  willows  ripen  their  seeds  before  midsummer.  These 
should  be  planted  as  soon  as  ripe,  care  being  taken  not  to  cover  the 
small  seeds  too  deep.  They  will  germinate  in  a  few  days,  and  by 
autumn  will  be  of  a  size  suitable  for  transplanting. 

Of  the  species  whose  seeds  ripen  in  autumn,  those  of  the  tulip, 
catalpa,  honey  locust,  black  locust,  and  Kentucky  coffee  tree  should 
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be  thrashed  from  their  pods  when  gathered  and  kept  over  winter  in 
a  cool  place  where  they  will  neither  dry  out  nor  mold.  Birch  seeds 
soon  lose  their  vitality  if  permitted  to  dry,  and  they  should  be  stored 
in  close  boxes  or  jars  and  kept  over  winter  in  a  cool  cellar.  When 
the  soil  is  moist  in  the  fall,  birch  may  be  sown  before  the  ground  freezes, 
but  in  the  dry  soil  of  the  plains  the  seeds  should  be  kept  over  winter. 
They  must  be  sown  in  beds  shaded  as  for  conifers,  and  covered  very 
lightly.  The  seed  usually  ripens  in  August  in  the  northern  woods, 
and  should  be  gathered  at  once,  separated,  and  stored  until  planting 
time. 

The  sprouting  of  the  seeds  of  other  broad-leafed  trees  of  the  north- 
ern forest  flora  is  hastened  by  subjecting  them  to  the  action  of  frost. 
This  is  accomplished  either  by  fall  planting  or  by  mixing  the  seeds 
with  sand  and  placing  them  in  boxes  on  the  north  side  of  an  out- 
building or  other  protection  from  the  sun,  whence  they  should  be 
planted  as  soon  as  possible  in  the  spring,  or  even,  when  the  ground 
is  sufficiently  thawed  out,  in  late  winter.  The  nuts  and  acorns  may 
be  simply  spread  on  a  well-drained  surface  and  protected  from  drying 
by  a  few  inches  of  leaves  held  down  by  boards;  but  they  are  more 
subject  to  the  depredations  of  rodents  when  thus  disposed  of.  The 
seeds  of  fruit  trees,  such  as  cherry,  mulberry,  osage  orange,  wild 
crab  apple,  and  hawthorn,  should  be  separated  from  the  pulp  by 
maceration  and  washing  before  storing.  Cherry  and  mulberry  seeds 
ripen  during  the  summer,  and  as  the  fruit  is  much  relished  by  birds 
watchfulness  is  necessary  to  get  them.  They  may  be  slightly  dried 
after  washing,  and  then  mixed  with  sand.  Some  seeds,  notably  those 
of  the  hawthorns,  are  apt  to  lie  over  two  or  more  years.  Germina- 
tion of  such  refractory  seeds  is  hastened  by  soaking  in  water  con- 
tinuously for  a  week  or  more  before  planting. 

When  the  soil  is  moist  in  the  fall,  the  seeds  of  all  trees  which  ripen 
after  midsummer  may  be  planted,  and  thus  the  labor  of  storing  is 
saved.  But  spring  planting  is  usually  more  satisfactory,  because 
uniform  conditions  can  be  better  maintained  where  the  seeds  have 
been  properly  stored.  The  soil  is  also  usually  in  the  best  condition 
for  receiving  the  seeds  in  the  spring,  and  lighter  covering  is  possible. 

The  forest-tree  nursery  should  be  placed  in  deep,  moist,  well-di'ained 
loam,  and  should  be  thoroughly  cultivated.  Hand  weeding  is  impor- 
tant, foi'  the  tiny  seedlings  of  many  trees  are  very  delicate  and  the  more 
vigorous  grasses  will  quickly  choke  them  out  if  left  unprotected. 
Where  a  large  nursery  is  made,  frequent  use  of  the  harrow-toothed 
cultivator  is  most  desirable,  for  it  keeps  a  dust  blanket  on  the  sur- 
face of  the  soil,  which  prevents  excessive  evaporation  and  insures  the 
most  perfect  soil  conditions  obtainable  through  culture.  Prompt 
attention  is  a  requisite  of  successful  nursery  nuiuagement. 

Seedlings  of  box  elder,  silver  maple,  red  maple,  catalpa,  black 
locust,  Cottonwood,  willow,  and  mulberry  are  rampant  growers  the 
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first  season,  and  their  growtli  may  be  cheeked,  to  make  transplanting 
less  difficult,  by  sowing  the  seed  thick  in  broad  drills.  Black  wild 
cherry,  the  elm,  the  ash,  honey  locust,  black  walnut,  tulip,  crab 
apple,  hackberry,  linden,  and  coffee  tree  are  of  moderate  growth 
and  easily  attain  transplanting  size  the  first  year.  The  oaks  and  the 
nut  trees  generally,  hard  maple,  beech,  and  hawthorn  will  usually 
be  benefited  by  remaining  two  or  three  years  in  the  nursery.  The 
birches  should  be  transplanted  from  the  seed  bed  to  the  nursery  row 
the  second  year,  and  set  in  permanent  forest  the  third. 

While  the  cone-bearing  trees  are  more  difficult  to  manage  than  the 
broad-leafed  species,  it  will  be  found  advantageous  to  the  farmer  to 
grow  his  own  conifers.  Not  only  are  coniferous  trees  (pines,  spruces, 
cedars,  larches,  etc.)  more  difficult  to  transplant,  but  they  are  disas- 
trously affected  by  the  drying  of  their  roots,  and  in  the  operations  of 
commercial  nurseries — digging,  storing,  and  packing — as  well  as  in 
transit,  there  is  more  or  less  danger  from  this  cause.  It  will  fre- 
quently happen,  too,  that  i)lants  thus  injured,  unless  the  injur3'  be 
very  severe  indeed,  will  appear  in  good  condition  when  received,  so 
that  the  purchaser  accepting  them  will  be  disappointed  in  his  stand 
whatever  care  he  takes  in  planting  the  stock.  Even  should  the  cost 
of  growing  the  cone-bearing  trees  be  more  than  it  would  cost  to  pur- 
chase them,  as  will  often  be  the  case  if  the  time  of  the  grower  be  con- 
sidered, the  trees  will  prove  cheaper  in  the  end,  because  favorable 
weather  can  be  chosen  for  transplanting  them:  they  can  be  dug  as 
needed,  and  absolutelj^  protected  from  drying  out  during  the  brief 
interval  between  digging  and  planting. 

Farmers  living  adjacent  to  the  pineries  can  easily  secure  seed  by 
gathering  the  cones  just  before  they  burst  open  and  spreading  them 
in  a  thin  layer  until  sufficiently  dry  to  open,  when  the  seed  will  fall 
out.  The  same  method  is  used  in  securing  all  seeds  save  the  red 
cedar,  the  fruit  of  which  is  a  gummy  berry.  The  berries  of  the  cedar 
should  be  soaked  for  several  days  in  water,  then  rubbed  together  to 
remove  as  much  of  the  gum  as  possible,  when  they  may  be  planted  or 
mixed  in  sand  and  kept  frozen  during  winter.  A  bath  in  weak  lye 
will  hasten  the  cleaning  process.  The  seeds  of  the  remaining  conifers 
are  kept  dry  over  winter.  They  can  be  purchased  of  leading  seeds- 
men throughout  the  country,  and,  as  a  rule,  come  true  to  name,  though 
difficulty  regarding  the  Rocky  Mountain  species  is  sometimes  experi- 
enced. As  seeds  lose  their  vitality  to  a  considerable  degree  the  second 
year  and  to  a  much  greater  degree  thereafter,  it  is  important  to  secure 
them  fresh. 

A  well-drained,  preferably  sandj^  soil  should  be  chosen  and  the  seed 
bed  prepared  as  is  usual  for  cold  frames,  so  that  as  soon  as  the  seed  is 
planted  the  bed  can  be  shaded.  It  should  be  open  to  the  air  on  all 
sides,  and  the  seed  may  be  sown  broadcast  in  the  bed,  or  in  drills 
a  few  inches  apart.     The  seed  should  be  covered  but  little,  if  any, 
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more  than  its  own  depth.  Pine,  spruce,  and  Douglas  spruce  seed 
usually  germinates  in  eighteen  to  twenty  daj's,  red  cedar  in  two  to 
six  months,  and  larch  in  twenty  to  thirty  days.  Shortly  after  the 
trees  are  up,  or  at  any  time  during  the  first  summer,  a  disease  called 
* '  damping  off  "  is  liable  to  attack  them.  This  is  a  fungous  growth,  and 
results  in  the  decay  of  the  tiny  seedlings  at  the  ground.  It  is  often 
very  destructive.  The  only  remedy  is  to  sow  clean  dry  sand  among 
the  seedlings  and  withhold  water  for  a  few  days.  This  is  not  always 
effective,  but  it  will  usually  check  the  disease. 

The  shade  for  the  seed  bed  is  variously  made.  In  the  large  nurs- 
eries it  is  usually  a  shed,  roofed  and  sided  with  laths,  but  this  would 
be  too  expensive  for  a  farm  nursery.  Useful  shades  are  made  by 
laying  brush  across  supports  or  by  bunches  of  rushes  or  swamp  grass 
similarly  placed,  but  of  course  these  are  more  difficult  to  keep  in 
order.  Where  proper  attention  is  paid  to  ventilation,  an  inexpensive 
shade  can  be  made  by  tacking  cheap  sheeting  to  a  frame  to  rest 
upon  supports  running  along  the  side  of  the  bed. 

It  may  be  advisable  sometimes  to  purchase  one  or  two  year  old 
seedlings  from  reliable  growlers.  They  should  be  planted,  in  shaded 
beds,  about  3  inches  apart,  in  rows  6  to  12  inches  apart.  It  will  be 
necessary  to  keep  them  shaded  one  to  three  years,  according  to  their 
rate  of  growth.  The  oftener  the  cone-bearing  trees  are  transplanted 
before  being  set  permanently  the  better,  as  by  this  process  the  growth 
of  fibrous  roots  close  to  the  collar  is  encouraged.  Especial  care  must 
be  taken  in  handling  conifers  to  prevent  their  roots  from  drying  in 
the  least,  as  whenever  the  roots  dry  it  is  almost  impossible  to  make 
the  trees  live.  The  seedlings  should  be  packed  in  damp  moss  at  the 
nursery,  and  as  soon  as  received  the  roots  should  be  puddled  in  liquid 
mud  and  heeled  in  in  a  shaded  place.  The  heeling  in  should  be  care- 
fully done,  the  fine  soil  pressing  close  upon  the  roots,  but  not  covering 
the  tops.  In  a  shaded  place  the  trees  may  be  left  thus  until  the 
roots  begin  growth.  In  planting  it  is  best  to  carrj^  tlie  trees  in  a 
bucket,  with  just  enough  water  to  cover  the  roots.  They  should  be 
planted  firmly  and  be  well  trampled,  and  a  little  loose  soil  dusted  over 
the  trampled  surface  to  prevent  baking.  No  tree  should  be  set  much 
deeper  than  it  stood  before,  and  this  is  specially  important  in  trans- 
planting conifers. 

Conifers  are  ready  for  setting  in  plantations  when  from  two  to  six 
years  old.  Larches  can  usually  be  set  when  two  or  three  years  old, 
the  pines  and  cedars  when  from  three  to  five  years,  and  the  spruces 
when  from  four  to  six  years. 

NOTES   ON  VARIETIES  AND   METHODS. 

The  Division  of  Forestry  has  frequently  issued  cultural  notes  on 
the  leading  economic  species  of  Anu.'rican  timber  trees,  and  many  of 
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the  State  horticultural  societies,  notably  those  of  Kansas,  Nebraska, 
Iowa,  and  Minnesota,  have  published  manuals  of  forest-tree  culture, 
so  that  detailed  information  for  special  regions  is  not  lacking.  Wliile 
this  is  true  in  a  general  sense,  little  accurate  information  of  the 
results  of  planting  in  waste  places  is  available.  In  the  West,  where 
farm  plantations  have  been  attempted  most  extensively,  the  site 
chosen  for  the  groves  has  been  determined  primarily  by  convenience, 
and  it  has  seldom  hapi^ened  that  the  waste  places  have  been  selected. 
In  the  forest  area  little  planting  of  any  sort  has  been  attemjited  on 
farms.  Consequently  the  actual  data  of  the  results  of  waste  plantings 
on  farms  are  few. 

Broadly  speaking,  the  same  rules  which  are  practiced  in  forest 
planting  in  general  are  applicable  to  the  waste  plantings  of  farms; 
these  include  the  adaptability  of  the  species  to  the  locality,  attention 
to  the  light  requirements  of  species,  and  to  their  rate  of  growth. 

In  ridge  or  high  land  planting  it  must  be  remembered  that  the  soil 
is  much  less  moist  in  such  locations  than  in  the  valleys  and  lowlands, 
that  the  winds  cause  increased  evaporation,  and  that  droughts  are 
especially  severe.  Trees  requiring  a  generous  supply  of  water  will 
never  succeed  well  in  high,  thin  soils.  This  is  particularly  true  of  the 
plains,  where  not  only  a  limited  rainfall  but  excessive  evaporation 
render  the  water  supply  much  smaller  tlian  it  is  within  the  forest  area. 
There  can  be  no  doubt  that  conifers  will  prove  the  most  useful  trees, 
as  a  class,  for  such  locations.  This  is  suggested  by  the  natural  tree 
covering  of  the  Rocky  Mountains,  where  the  exposed  highlands  are 
clothed  with  pines,  spruces,  and  firs  to  the  tree  line,  while  broad- 
leafed  species  are  found  only  fringing  the  streams  in  the  valleys.  But 
the  farmer  who  attempts  to  cover  bare  ground  with  a  plantation  of 
conifers  will  find  it  necessary  to  replant  portions  during  several  suc- 
cessive seasons  before  a  good  stand  is  secured.  The  reason  for  this 
is  found  principally  in  the  difficulty  of  transplanting  and  in  the  light 
requirement  of  the  conifers,  which  changes  materially  as  the  trees 
grow  older.  Almost  all  species  of  conifers  are  benefited  by  at  least 
partial  shade  during  the  first  few  years  of  their  existence.  As  they 
advance  from  the  seedling  to  the  sapling  stage,  those  which  are  most 
light  requiring,  notably  the  larches  and  pines,  are  less  tolerant  of  the 
shade  of  their  neighbors,  and  reach  up  in  an  effort  to  spread  their 
crowns  in  the  full  sunshine,  but  it  is  a  well-known  fact  that  the 
white  pine  endures  the  shade  even  of  such  denseh^  foliaged  species 
as  the  spruces  during  its  infancy.  Hence,  it  would  seem  best  to 
begin  the  ridge  plantation  with  broad-leafed  trees,  with  the  intention 
of  introducing  among  them,  in  the  course  of  four  or  five  years,  an 
equal  number  of  conifers. 

In  the  North  the  birches  {Betula  lutea  and  B.  lenta)  and  aspen 
{Populus  tremuloides)  should  prove  useful  for  mixing  with  conifers, 
though  we  do  not  know  of  an  experiment  of  this  kind.     They  are 
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light-foliaged  species,  and  while  they  are  ordinarily  found  near  streams 
they  have  succeeded  well  in  the  drj^  prairies  of  the  eastern  portion  of 
the  Dakotas.  They  are  the  natural  neighbors  and  nurses  of  the  pines 
and  spruces  in  the  Minnesota  and  Wisconsin  woods.  The  first  trees 
to  appear  on  a  great  *'  burn  "  (a  region  where  the  forest  has  been  killed 
by  fire)  are  quaking  aspen  and  the  birches  {Betula  lutea,  B.  papyrifera, 
and  B.  lenta),  and  in  their  wake,  if  ever,  the  conifers  appear. 

Throughout  the  AVest  a  mixture  of  such  broad-leafed  species  as 
box  elder,  silver  maple,  black  wild  cherry,  bur  oak,  white  elm,  yellow 
birch,  and  green  ash  will  be  found  useful  in  ridge  planting,  and  south 
of  the  sand-hill  region  of  Nebraska  the  Russian  mulberry,  catalpa, 
and  black  locust  may  be  added.  Of  these,  the  species  enduring 
the  most  shade  during  youth  are  named  first.  It  will  be  noticed 
at  once  that  several  of  these  kinds  are  moisture-loving  trees,  but 
those  here  named  have  been  grown  in  dry  situations  with  a  measure 
of  success.  The  box  elder  and  silver  maple  are  short  lived  where 
grown  in  the  ridge  lands  of  the  West,  but  during  their  first  years 
they  grow  vigorously,  and  they  will  endure  long  enough  to  serve  as 
nurses  for  conifers  until  the  latter  are  established.  Black  wild  cherry, 
while  not  extensively  planted,  has  been  grown  successfully  in  various 
parts  of  Kansas,  Colorado,  and  South  Dakota — localities  covering  a 
sufficient  area  to  warrant  its  extensive  use.  It  has  the  further  advan- 
tage of  being  a  shade-enduring  tree  during  youth,  a  point  of  much 
importance  in  the  West,  where  comparatively  few  such  succeed.  It 
endures  drought  better  than  box  elder  or  silver  maple,  being  one  of 
the  hardiest  species  in  this  regard. 

White  elm,  while  a  species  of  the  greatest  hardiness,  is  less  vigorous 
in  highlands  than  either  wild  cherry  or  bur  oak,  and  is  principally  use- 
ful in  plantings  on  such  lands  in  giving  variety.  Bur  oak  has  proven 
a  most  useful  species  in  highland  planting.  It  grows  very  slowly  dur- 
ing the  first  few  years,  making  but  a  few  inches  increase  in  height 
each  year,  and  seemingly  suppressed  by  its  neighbors,  but  at  the  South 
Dakota  Experiment  Station,  in  a  mixture  of  bur  oak,  elm,  and  box 
elder,  the  best  bur  oaks  now  equal  the  box  elders  in  height,  after  eight 
years'  growth.  At  the  Kansas  Station  bur  oaks  planted  on  high  lime- 
stone land,  between  rows  of  catalpa  and  black  locust,  have  not  made 
much  height  growth,  being  cut  off  every  winter  by  jack  rabbits,  but 
vigorous  shoots  push  out  each  spring,  showing  sufficient  root  devel- 
opment in  spite  of  untoward  conditions.  The  black  walnut  is  not 
adapted  to  highland  planting  in  the  West. 

In  the  use  of  such  varieties  as  are  named  above,  fully  two-thirds  of 
the  trees  should  be  of  the  dense-foliage  kinds,  and  the  remainder 
should  be  mixed  with  these  so  that  each  of  them  would  be  sur- 
rounded by  dense  shaders.  Tliey  should  be  set  not  more  tlian  4  by  4 
feet  apart,  not  only  because  they  will  most  quickly  shade  the  ground, 
and  thus  prevent  weed  growth,  when  close  planted,  but  because  a 
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dense  plantation  gives  best  results  as  a  wind-break  and  as  a  snow 
catcher.  During  the  first  five  years  more  or  less  damage  is  apt  to 
result  from  the  breaking  of  the  trees  by  heavy  snows,  but  this  injury 
is  seldom  x)ermanent,  if  the  broken  trees  are  pruned  i)romptly  in  the 
spring.  It  is  unnecessary  to  leave  blank  spaces  for  the  introduction 
of  conifers.  By  the  time  the  broad-leafed  trees  shade  the  ground — 
in  from  three  to  live  years — the  conifers  may  be  inserted  where  trees 
have  failed,  and  may  even  be  introduced  between  the  rows.  It  is 
especially  desirable  that  spruces  and  cedars  be  set  thickly  toward 
the  margins  of  the  plantation,  as  they  form  thus  a  protecting  wind 
mantle  for  the  more  central  trees. 

Among  the  conifers  which  have  been  most  largely  tested  in  Western 
planting,  the  European  larch,  Scotch  pine,  white  pine,  Austrian  pine, 
Norway  spruce,  red  cedar,  arbor  vita?,  and  white  spruce  are  most 
common.  Of  these,  the  white  pine,  Norway  spruce,  and  arbor  vita? 
are  of  little  value  west  of  the  Missouri  River,  although  some  fine 
specimens  of  all  these  species  can  be  found  in  the  counties  bordering 
that  river.  Among  the  Rocky  Mountain  conifers  that  would  seem 
especially  adapted  to  the  West  are  the  bull  pine  and  Douglas  spruce. 

The  European  larch  has  been  extensively  planted  in  the  ]VIississix)pi 
Valle}^  and  it  is  especially  useful  in  the  planting  of  thin-soiled  ridges. 
In  a  plantation  on  such  land  at  Ridott,  111.,  the  larch  is  easily  the 
best  tree,  with  white  pine  and  Norway  spruce  following  in  the  order 
named.  These  species  were  originally  planted  in  alternate  rows  with 
broad-leafed  trees  (walnut,  ash,  etc.),  which  they  completelj^  sup- 
pressed, very  few  of  the  latter  being  alive  after  twenty-five  years.  In 
1895  the  larches  were  thinned  out,  and  made  each  from  two  to  three 
fence  posts  7  feet  long,  many  of  the  butt  posts  being  10  inches  in 
diameter.  The  remaining  conifers  stand  from  30  to  40  feet  high, 
and  are  from  3  to  8  inches  in  diameter.  They  include  white  pine, 
Scotch  pine,  Norway  spruce,  and  arbor  vitse.  The  larch  is  sprawling 
in  growth  during  the  first  few  years,  after  which  a  leader  is  formed 
and  the  growth  is  very  erect  and  straight.  The  species  is  deciduous, 
and  the  successive  crops  of  leaves  during  the  course  of  twenty  years 
form  a  mulch  so  dense  as  to  quite  prevent  weed  growth.  In  Europe 
the  larch  is  commonly  used  as  a  nurse  for  the  pines,  as  the  latter  do 
not  suffer  in  the  slight  shade  of  the  larches,  which  grow  more  rapidly 
and  are  thinned  out  as  the  pines  approach  their  principal  height 
growth.  This  mixture  has  also  been  practiced  at  Elgin,  111.,  with  the 
most  gratifjang  results. 

In  the  drier  parts  of  the  West  the  white  pine  does  not  succeed,  but 
throughout  the  prairie  States  it  can  be  successfully  grown  in  ridge 
lands.  l>e3^ond  the  Missouri  the  Austrian,  Scotch,  and  bull  pine  will 
be  found  better  adapted  to  the  climate.  So,  too,  the  Norway  spruce 
is  not  so  useful  in  the  dr}^  region  as  are  the  Black  Kills  white  spruce 
and  the  Douglas  spruce. 
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Within  the  forest  area — that  is,  in  the  States  where  the  whole  coun- 
try was  once  covered  with  forest — different  conditions  prevail,  and  a 
much  greater  proportion  of  waste  land  is  contained  in  the  farms  than 
is  found  in  tlie  prairies  and  plains.  Tliese  lands  consist  largely  of 
hillsides  so  badly  washed  as  to  be  untillable  and  rough  fields  and 
pastures  in  which  tlie  impoverished  soil  will  not  produce  a  profita- 
ble crop.  In  the  northern  regions  a  large  part  of  the  hill  country  is 
made  up  of  drift  soils,  of  a  characteristic  clay  loam,  deep,  moist,  and 
well  adapted  to  many  kinds  of  tree  growth.  Farther  south  the  hills 
are  composed  of  granitic  rock,  which  is  still  in  process  of  disintegra- 
tion. These  soils  are  moist  and  in  every  way  favorable  to  tree  growth, 
as  is  indicated  b}^  the  number  of  varieties  and  the  great  development 
of  individuals  standing  in  them! 

The  rapid-growing  tulip  tree,  which  furnishes  the  poplar  timber  of 
commerce,  succeeds  well  in  the  moist  hillside  soils  of  the  Alleghany 
region,  and  should  prove  a  valuable  species  for  mixing  with  the  more 
dense-shading  forms,  such  as  maples  and  beech.  The  slow-growing 
oaks,  especially  such  species  as  the  red  {Quercus  rubra),  black 
{Q.  velutina),  bur  {Q.  macrocarpa) ,  white  {Q.  alba),  and  chestnut 
{Q.  priniis),  will  also  prove  useful.  Of  these  the  black  and  red  oaks 
are  much  more  rapid  growers  than  is  usually  believed,  and  all  will  be 
found  worthy  of  a  place  in  a  mixed  planting.  The  tulip  poplar  and 
the  oaks  are  best  introduced  sparingly  into  farm  mixtures,  at  the  rate 
of  from  24  to  50  per  acre  among  other  forms.  They  will  thus  be  the 
ultimate  trees,  not  interfering  seriously  with  the  development  of 
the  remaining  forms,  but  reaching  their  full  size  when  these  have  been 
mostly  removed.  If  planted  for  its  timber,  the  black  walnut  is  best 
managed  in  this  way  also,  though  the  walnut  is  essentially  a  tree  of 
the  valley  as  compared  with  hillside  locations.  The  white  hickory 
should  succeed  well  on  clay  hillsides,  and  when  well  established  can 
be  treated  profitably  as  coppice. 

Of  slow  growth  during  youth,  the  sugar  maple  (Acer  saccliariim) 
is  a  most  useful  species  in  soils  of  this  character,  both  on  account  of 
its  forestal  and  its  economic  value.  It  endures  the  shade  of  other 
trees  to  an  unusual  degree,  and  thus  forms  a  fine  second  to  such  rapid 
growers  as  black  locust,  tulip  tree,  etc.  When  these  are  removed, 
the  maple  develops  more  rapidly,  and  the  foundation  of  a  first-class 
sugar  orchard  may  thus  be  secured.  The  beech  is  a  neglected  tree  in 
America,  though  one  of  the  most  available  forms  known  to  the 
European  forester.  Like  the  sugar  maple,  it  likes  a  deep,  moist  soil, 
and  does  not  succeed  in  the  prairies;  but  within  the  forest  area  it 
should  prove  one  of  the  most  useful  shade-enduring  species  for  hill- 
sid(;  planting,  especially  on  noi'thern  slopes. 

In  all  wasti^  planting  on  Kastej'u  farms  the  use  to  be  made  of  the 
wood  crop  is  a  more  important  consideration  than  in  the  West,  where 
the  incidental   value   of  the   plantation  is  of  equal   if  not   greater 
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imi)ortance  tliaii  tlio  resultinjj;  crop.  In  very  few  localities  within  the 
forest  area  is  there  a  sufficient  lack  of  fuel  to  make  planting  for  this 
object  of  any  importance.  Broad-leafed  trees,  except  as  they  yield 
material  for  stakes  and  posts,  rei)airs,  etc.,  are  too  slow  in  their 
development  to  make  an  attractive  crop  to  the  farmer,  and  hence  the 
larches  and  i)ine8  would  seem  to  be  the  most  promisinj^  varieties  to 
plant  whei-e  a  money  return  is  looked  for,  unless  the  waste  land  is 
esi)ecially  adapted  to  the  growth  of  osiers  or  hickory  coppice,  or  some 
special  reason  exists  for  the  planting  of  hard  woods. 

When  hillside  fields  are  abandoned,  they  are  soon  covered  with  a 
growth  of  bushes,  and  seedling  trees  of  many  kinds  appear.  As  a 
rule,  the  natural  mixture  thus  spontaneously  produced  is  not  of  much 
value.  IIow  can  it  be  improved?  Where  there  is  a  soil  of  considera- 
ble depth  and  sufficient  moisture,  even  though  the  land  be  "worn 
out,"  the  best  oaks,  chestnut,  and  hard  maple  can  be  introduced,  the 
former  by  pressing  the  acorns  and  nuts  an  inch  into  tlie  soil,  cover- 
ing with  the  foot,  and  the  latter  by  sowing  seed  in  hills.  Such  plant- 
ing can  be  done  without  regard  to  the  existing  growth  and  without 
disturbing  it,  all  these  species  taking  a  strong  hold  on  the  soil  before 
top  growth  advances,  and  hence  being  comparatively  indifferent  to 
light  in  the  early  stage  of  growth. 

A  stand  of  conifers  is  more  difficult  to  secure.  Usually  the  surface 
of  such  waste  lands  is  so  covered  with  moss  and  other  debris  that  seeds 
sown  broadcast  and  left  without  further  care  fail  to  come  in  contact 
with  the  moist  soil,  and  hence  fail  to  germinate.  Successful  seeding 
has  often  been  accomplished  where  the  fields  have  been  surrounded 
by  mature  trees  and  have  been  undisturbed  by  cultivation  during  a 
seed  year,  thus  giving  the  pines  an  equal  opijortunity  with  less  desira- 
ble species  to  sow  their  seed  in  the  soil.  Where  the  seed  can  be  har- 
rowed in,  there  is  a  reasonable  prospect  of  a  stand;  but  it  will  usually 
be  found  more  profitable  to  plant  the  young  trees,  using  such  as  have 
been  one  or  two  years  in  nursery  rows  after  transi^lanting  from  the  seed 
bed.  In  the  spring,  when  the  soil  is  moist,  hillside  fields  and  pastures 
may  be  planted  thus  to  conifers  with  a  dibble  or  spade,  the  distance 
apart  depending  upon  the  growth  already  established.  On  clean  land 
the  trees  should  stand  close,  not  more  than  4  by  4  feet.  If  there  be  a 
considerable  soil  cover  of  brush  which  can  be  used  to  nurse  or  protect 
the  young  plants,  these  may  be  set  in  at  the  rate  of  680  to  the  acre 
(8  by  8  feet),  or  even  less.  Even  in  such  cases  thick  planting  is  the 
more  desirable,  using  a  mixture  of  dense-shading  (spruce)  trees  with 
light-needing  species,  such  as  the  pines,  or  disti'ibuting  the  pines 
among  larch  seedlings,  which  grow  very  tall  and  slender  and  have 
proven  good  neighbors  for  the  pines. 

Where  the  white  pine  is  native,  a  successful  method  of  planting 
is  to  take  up  the  young  seedlings  in  the  woods  with  the  sod  in  which 
they  grow  thus  disturbing  the  root  as  little  as  possible.     This  is  much 
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slower  than  where  nursery  plants  are  used.  In  clean  fields  men  unac- 
customed to  the  work  can  easily  set  1,000  trees  per  day,  while  skilled 
workmen  can  almost  double  this  number. 

Close  planting  is  less  important  in  the  Alleghany  region,  where 
there  is  an  abundant  moisture  supply,  than  in  the  dry  country  west 
of  the  Mississippi  River.  In  New  England  man^^  successful  i^lanters 
set  pines  not  closer  than  10  by  10  feet  (435  per  acre).  The  objection 
to  such  wide  spacing  is  that  too  great  a  growth  of  branches  results  on 
the  lower  part  of  the  stem,  producing  knotty  timber.  Thinning 
should  be  sparingly  done,  the  ideal  stand  during  the  first  eighty  years 
being  one  in  which  the  trees  are  never  so  far  apart  that  the  branches 
will  not  touch  each  other  when  swayed  by  the  wind,  and  during  the 
first  fifty  years  the  trees  should  stand  so  close  that  the  branches  touch 
each  other  Avhen  still.  This  condition  is  best  secured  by  slight  and 
frequent  thinnings  (seven  to  ten  years  apart)  during  the  period  of 
most  rapid  growth.  The  increasing  demand  for  box  timber  in  the 
manufacturing  districts  of  the  East  provides  a  market  for  pine  and 
similar  wood  when  35  to  50  years  old,  thus  permitting  a  short  period 
of  rotation  in  the  forest  management  of  waste  lands  in  Eastern  farms, 
and  overcoming  a  principal  objection  to  forest  planting. 

In  all  ridge  planting,  whether  within  or  beyond  the  forest  area,  a 
leading  purpose  is  the  improvement  of  the  soil,  and  this  is  best 
attained  by  close  planting,  which  not  only  protects  the  surface  soil 
from  wind  action,  but  also  retains  the  leaves  where  they  fall,  thus 
enriching  the  soil  by  their  decay. 

The  stand  secured  from  any  planting  will  of  course  depend  upon 
the  conditions  of  soil  and  climate  at  the  time  of  planting  and  through- 
out the  season,  as  well  as  the  skill  with  which  the  planting  is  done. 
Climatic  conditions  play  so  large  a  part  that  there  is  always  more  or 
less  danger  of  partial  failure,  especially  with  conifers.  Within  the 
forest  region  success  is  much  more  certain  than  in  the  plains,  where, 
under  favorable  conditions  at  planting  time,  a  stand  of  60  per  cent  of 
the  conifers  set  should  be  considered  satisfactory.  With  no  greater 
proportion  living  than  this,  replanting  would  be  necessary  the  follow- 
ing spring,  unless  the  blanks  were  so  situated  as  to  make  filling  in 
with  cheaper  deciduous  forms  possible.  The  aim  of  the  i^lanter  should 
be  to  have  the  trees  which  he  designs  to  stand  until  mature  so  dis- 
tributed in  his  grove  that  they  will  each  have  the  largest  i)ossible 
amount  of  space  after  the  remaining  trees  have  been  cut  out.  Hence, 
when  for  any  reason  the  conifers  desired  are  expensive,  if  the  i^lanter 
intends  to  make  his  grove  of  coniferous  trees,  he  may  place  them  8 
by  8  feet,  12  by  12  feet,  10  by  16  feet  (080,  302,  170  per  acre),  or  even 
at  wider  intervals,  and  fill  in  the  spaces  to  4  by  4  feet  or  less  with 
such  trees  as  box  elder,  silver  maple,  Russian  mulberry,  catalpa, 
V)lack  locust,  etc.  Of  those  the  first  tlu-ee  named  would  fulfill  only  a 
temporary  office  and  might  be  removed  within  ten  or  fifteen  years,  by 
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which  time  the  otliers  would  have  attained  useful  size.  These  could 
be  thinned  out  from  time  to  time,  as  necessary,  leaving  the  land  to 
the  conifers  alone  witliin  from  tliirty  to  fifty  years  of  planting.  Here 
again,  if  due  regard  to  the  light  requirements  of  the  several  species 
has  been  observed  in  i)lanting,  the  trees  will  be  found  in  regular  order, 
sucli  light-demanding  kinds  as  the  pines  and  lai'ches  being  surrounded 
by  the  shade-enduring  spruces;  or  if  only  one  coniferous  form  has 
been  used,  the  subseciuent  thinning  will  be  so  managed  as  to  give  to 
eacli  of  tlie  remaining  trees  the  largest  possible  amount  of  light  and 
room.  It  will  be  readily  understood  from  these  notes  that  the  amount 
of  pine,  spruce,  or  larch  that  may  be  produced  on  an  acre  within  a 
given  time — as  in  fifty  years — will  depend  quite  as  much  upon  the 
judgment  which  has  attended  the  thinnings  as  upon  favorable  condi- 
tions of  soil  and  climate.  Fifty  thousand  feet,  B.  M. ,  of  Avhite  i3ine  has 
been  produced  at  50  years  of  age  from  natural  seeding  with  the  aid 
of  careful  thinning.  This  must  be  considered  an  unusually  large 
growth,  and  one-fourth  as  much  would  be  good  in  ordinary  practice. 

plantinct^  to  bind  soils. 

Much  of  the  waste  planting  of  farms  will  be  done  to  bind  the  soil  of 
the  hillsides  which  have  been  worn  to  gullies  by  long  exposure  and 
cropping.  One  of  the  best  trees  for  this  purpose  is  the  black  locust, 
which  has  a  great  root  development  and  is  one  of  the  toughest  woods. 
This  tree  is  a  native  of  the  rocky  hillsides  of  the  Alleghany  region, 
and  succeeds  well  in  all  kinds  of  soils.  It  is  a  rapid  grower,  attain- 
ing a  size  suitable  for  vine  stakes,  intermediate  posts,  etc.,  in  about 
ten  years.  It  reproduces  itself  freely  by  sprouting,  and  spreads 
rapidly  where  planted  pure.  It  is  a  thin-foliaged  tree,  and  planted 
alone  is  not  a  soil  improver,  but  it  can  be  established  where  more 
desirable  species  in  this  regard  can  not  gain  a  foothold,  and  these 
can  be  introduced  later. 

The  locust  is  much  subject  to  the  attack  of  a  very  destructive  borer, 
but  this  insect  is  less  common  than  formerly, .  and  its  ravages  are 
reduced  to  a  minimum  in  mixed  planting.  Few  broad-leafed  species 
are  of  greater  value  than  black  locust  for  farm  uses.  It  is  the  hardest 
and  the  most  durable  of  our  trees.  Commercially,  the  timber  fur- 
nishes the  best  wooden  j)ins  or  treenails  used  in  shipbuilding,  and  it 
is  also  used  for  wheel  hubs. 

A  second  important  form  of  planting  for  the  i)urpose  of  binding 
soils  is  that  used  in  controlling  the  direction  of  streams  b^^  the  plant- 
ing of  willows  on  their  banks.  East  and  West  much  fertile  farm  land 
is  rendered  comparatively  waste  by  the  windings  of  streams,  which 
curve  in  and  out,  occupying  wide  stretches  of  bottom  lands  and  mak- 
ing them  useless  except  for  pasturage.  If  simply  a  straight  channel 
is  cut  for  such  streams,  they  soon  wear  the  banks  and  are  again  uncon- 
trolled. By  planting  willow  cuttings  in  the  sides  of  such  cuts,  a  first 
12  a96 22 
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row  near  the  water  at  its  low  stage  and  additional  rows  in  the  face 
and  top  of  the  cut,  the  roots  soon  bind  the  soil,  holding  it  against  the 
wearing  action  of  high  water.  Either  white  willow  or  osiers  can  be 
used  for  such  planting.  Where  fuel  is  scarce,  the  rapid-growing  white 
willow  will  be  found  most  useful.  In  such  locations  it  attains  a  diam- 
eter at  the  butt  of  5  to  8  inches  in  ten  years,  and  as  it  sprouts  readily 
from  the  stump  it  can  be  treated  as  coppice  and  will  furnish  a  supply 
of  small  wood  for  many  years.  Where  there  is  a  market  for  them, 
osier  willows  can  be  profitably  grown  in  such  waste  places.  The  spe- 
cies most  commonly  used  is  the  red  osier  (Salix  purpurea  var.  Pyra- 
midalis).  Cuttings  from  well-ripened  wood,  12  inches  long,  are  simply 
stuck  in  the  washed  banks.  The  osiers  are  more  profitable  where 
given  high  cultivation,  and  land  too  wet  for  corn  but  yet  capable 
of  cultivation  is  well  adapted  to  them.  The  soil  should  be  deeply 
plowed  or  spaded,  and  the  cuttings  set  to  the  top  bud  in  rows  4  or  5 
feet  apart,  1  foot  in  the  row.  The  withes,  or  rods,  should  be  cut  close 
to  the  ground  every  year,  including  the  first,  in  order  to  secure  the 
strongest  growth. 

THE   NUT  TREES. 

For  highways,  fence  rows,  and  odd  corners,  those  waste  lands  which 
often  contain  some  of  the  most  fertile  soil  in  the  farm,  the  nut  trees 
are  especially  available.  The  black  walnut  has  been  largely  used  in 
the  West  as  a  fence-line  tree,  because  of  its  rapid  growth,. excellent 
nuts,  and  ultimately  valuable  timber.  It  prefers  a  deep,  rich  soil,  and 
is  intolerant  of  drought,  but  in  suitable  localities  it  is  a  successful 
tree  throughout  the  country  east  of  the  one  hundredth  meridian  and 
south  of  the  Minnesota  line,  though  grown  as  far  north  as  Minneapolis. 
The  chestnut,  like  all  nut  trees,  varies  greatly  in  the  quality  of  its  fruit, 
and  the  farmer  has  abundant  opportunitj^  of  selection  in  choosing  nuts 
for  planting.  Although  limited  in  its  natural  range  of  the  country 
east  of  the  Wabash  and  Kentucky  rivers,  ifc  has  been  successfully 
grown  in  western  Missouri  (Kansas  City)  and  central  Iowa,  and  will 
probably  succeed  as  far  west  as  the  Missouri  River.  Unlike  the  wal- 
nut, the  chestnut  succeeds  well  in  highlands.  Experiments  in  graft- 
ing Spanish  and  other  improved  chestnuts  on  the  native  stock  have 
been  entirely  successful. 

The  pecan  has  attracted  much  attention  in  the  Southwest  during 
the  past  few  years  as  a  desirable  nut  tree,  and  as  such  deserves  atten- 
tion in  this  connection.  The  pecan  is  of  even  more  limited  natural 
range  than  the  chestnut,  its  northern  boundary  being  in  southern 
Indiana  and  Illinois  and  its  eastern  line  about  central  Kentucky.  It 
is  thus  essentially  a  Southwestern  form,  and  is  worth}^  of  the  careful 
attention  of  farmers  in  that  part  of  the  country  as  a  means  of  making 
waste  places  i)roductive.  It  is  successfully  grown  throughout  the  for- 
est area  soutli  of  New  York.  A  great  range  of  choice  is  possible  in 
selecting  nuts  for  planting,  as  they  vary  greatly  even  in  the  same  grove. 
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The  shagbark  hickory  is  imieh  less  particular  in  its  soil  require- 
ments than  the  pecan,  although  a  closely  related  species.  It  occu- 
pies sandy  ridges  and  clay  hillsides  as  well  as  the  richer  lowlands, 
and  is  well  worth  consideration  as  well  for  timber  as  for  its  fruits. 
Its  habits  being  understood,  it  should  be  a  useful  species  for  waste 
farm  planting.  In  its  natural  state  it  grows  in  open  groves  with  hazel 
or  other  undergrowth.  While  usually  more  or  leas  mixed  with  other 
trees,  it  is  often  the  dominant  form  over  considerable  areas.  It  is  a 
light-demanding  tree,  and  is  diflicult  to  transplant  unless  specially 
prepared  by  the  cutting  of  the  taproot  a  year  previous  to  setting. 
The  mocker  nut,  variously  called  Missouri  nut,  bull  nut,  king  nut, 
etc.,  is  more  southern  in  its  range  than  the  shagbark,  which  is  found 
from  New  England  to  southern  Minnesota.  The  hickories  can  be 
profitably  grown  as  coppice,  the  cuttings  having  an  established  value 
for  hoop  poles. 

The  nut  trees  are  best  grown  by  sowing  the  nuts  where  the  trees  are 
to  stand.  Along  fences  they  can  be  grown  in  open  hedge  rows,  and 
during  their  earlier  years  will  fruit  freely  in  such  plantings.  As  they 
grow  older  those  which  bear  inferior  fruit  can  be  cut  out,  giving  neces- 
sary room  for  the  remaining  trees.  If  grown  on  highways,  the  nut 
trees  will  be  benefited  by  being  mixed  with  some  low-growing,  woody 
l)lant,  such  as  sand  cherrj^,  coral  berry,  wild  gooseberry,  or  some  low- 
growing  tree,  like  wild  plum,  ironwood,  or  dogwood.  Such  under- 
growth will  prevent  weed  growth  and  thus  further  the  especial 
purpose  of  the  plantation. 

If  the  fruit  rather  than  the  timber  is  the  principal  crop  desired, 
the  nut  trees  should  be  encouraged  to  form  larrge,  open  crowns,  admit- 
ting light  freely,  for  fruit  is  produced  only  under  such  conditions. 
Therefore,  in  the  planting  of  odd  corners,  fence  lines,  and  highways 
with  nut  trees,  if  other  species  are  mixed  in  they  must  not  be  per- 
mitted to  shade  the  nut  trees,  but  must  be  lower  growing,  or  very  erect, 
in  which  case  but  few  should  be  used.  The  nut  trees  may  reiiuire 
some  nursing  during  the  first  ten  years,  to  induce  them  to  form  a 
trunk  of  proper  height,  especially  in  roadside  planting,  but  when  this 
is  attained  their  crowns  should  have  full  sunlight.  At  the  same  time 
several  species  are  peculiarly  subject  to  sun  scald,  especially  the  hick- 
ories and  white  walnut,  or  butternut  (the  latter  is  excluded  from  this 
list  on  this  account),  and  this  suggests  the  advisability  of  mixing  with 
them  a  low-growing  tree  which  will  shade  their  trunks  during  youth, 
in  the  North  Central  States  the  Russian  mulberry  should  prove  a  use- 
ful tree  for  this  purpose,  as  it  is  a  rapid  grower  during  youth  and  of 
only  moderate  height.  Of  the  shrubs  suggested  for  use  as  under- 
growth none  can  gain  a  foothold  until  the  crown  cover  has  been  raised 
considerably  from  the  ground,  after  ten  or  twenty  years,  so  that  this 
is  an  after  consideration,  unless  all  be  planted  at  the  same  time. 

Among  the  trees  of  possible  culture  in  waste  places  the  especial 
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usefulness  of  several  may  be  mentioned.  The  hardy  catalpa  is  one 
of  the  few  rapid-growing  trees  whose  wood  is  very  durable  in  contact 
with  the  soil,  and  it  is  therefore  unexcelled  as  post  timber.  It  does 
not  succeed  north  of  central  Iowa  nor  west  of  the  ninety-seventh  merid- 
ian, but  within  its  range  it  is  one  of  the  most  rapid-growing  trees,  and 
will  prove  a  useful  timber  on  every  farm  for  posts,  stakes,  and  rails. 
The  European  larch,  though  not  so  durable  in  contact  with  the  soil,  can 
be  grown  over  a  wider  range,  and  is  an  excellent  post  and  rail  timber. 
More  trees  of  this  species  can  be  grown  to  large  size  on  a  given  area 
than  of  any  other,  because  of  its  erect  habit.  Thus,  trees  standing  4 
by  4  feet  can  be  grown  to  good  rail  size  without  thinning. 

The  white  ash  in  the  East  and  the  green  ash  in  the  West  should  be 
included  in  farm  planting  on  account  of  the  usefulness  of  their  tim- 
ber, when  properly  seasoned,  for  machinery  repairs.  While  of  slower 
growth  than  the  foregoing,  they  yet  attain  a  useful  size  for  many 
purposes  within  twenty-five  years.  Like  the  black  locust,  they  should 
be  scattered  among  other  species  to  reduce  the  danger  from  borers. 
The  white  elm  yields  a  tough  timber  that  (jan  be  applied  to  many 
farm  uses,  and  as  it  succeeds  in  most  locations  it  should  form  a  part 
of  all  plantations.  The  hickories,  aside  from  their  excellent  nuts,  are 
among  the  most  useful  of  farm  timbers,  because  of  their  toughness 
and  elasticity.  The  black  wild  cherry  is  most  useful  incidentally  in 
the  farm  plantation,  as  it  produces  a  fruit  much  relished  by  birds, 
and  has  a  high  forestal  value.  The  timber  attains  its  peculiar  value 
only  with  age,  as  is  the  case  with  the  black  walnut. 

The  Avood  of  x>ines  and  spruces  is  of  comparatively  little  value 
until  the  trees  are  mature,  as  it  is  neither  so  strong  nor  so  durable  as 
that  of  several  species  mentioned.  The  incidental  value  of  these  coni- 
fers is  greater  than  that  of  broad-leafed  trees,  as  their  leaves  are  held 
til  rough  the  winter,  thus  greatly  increasing  their  usefulness  as  wind- 
breaks. The  well-known  superiority  of  the  lumber  of  mature  trees 
needs  no  comment.  The  red  cedar  is  one  of  the  most  durable  timbers 
known  in  contact  with  the  soil,  and  the  arbor  vita3  is  only  less  valuble 
as  a  post  timber. 

Tlie  common  cotton  wood  is  one  of  the  least  useful  trees  for  waste 
pUmting  on  the  fai'iu,  because  it  succeeds  well  only  in  fresh  or  moist 
soils.  In  the  far  West  it  is  a  useful  tree  for  planting  in  seepage  spots, 
and  it  can  be  well  grown  in  all  moist  soils.  It  is  neither  durable  nor 
slrong,  so  that  its  principal  value  is  in  its  rapid  growth,  giving  an 
early  supply  of  fuel.  Of  the  willows,  the  leading  one  is  the  common 
white  willow,  which  is  especially  useful  as  a  wind-break,  but  the 
willow  also  likes  a  moist  soil,  unlitting  it  for  most  waste  planting. 
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THE  USES   OF  WOOD. 

By  FiLiBERT  Roth, 
Expert  in  Timber  Physics,  Division  of  Forestry,  U.  S.  Department  of  Agriculture. 

GENERAL   REMARKS. 

Wood,  like  soil,  air,  and  water,  has  until  recent  times  been  one  of 
those  materials  which  man  could  obtain  without  effort  beyond  the  mere 
taking.  Hence,  although  it  has  become  one  of  the  most  imi)ortant, 
most  generally  used,  and  to  our  civilization  most  indispensable  prod- 
ucts of  nature,  our  attitude  toward  its  production  has  been  one  of 
indifference.  Wood  has  l^een  used  so  generally  that  a  large  amount 
of  emi^irical  knowledge  regarding  its  properties  has  accumulated. 
This  knowledge  has  sufficed  for  immediate  purposes,  and  the  need  of 
a  more  intimate  knowledge  gained  b}^  investigation  and  experiment 
in  regard  to  the  properties  and  characteristics  of  wood  has  never 
become  very  apparent.  Abundance  and  cheapness,  together  with 
ignorance  of  its  true  merits,  have  led  to  a  most  extravagant  and  often 
erroneous  use  of  this  product.  We  have  witnessed  with  indifference, 
afso,  the  useless  destruction  of  enormous  quantities  of  timber  in  the 
vague  belief,  characteristic  of  the  times,  that  when  the  supply  is  gone 
some  substitute  will  be  found.  That  this  belief  is  poorly  founded 
is  quite  apparent,  for  while  such  substitution  as,  for  instance,  that  of 
iron  in  ship,  bridge,  and  track  construction  has  taken  place,  and  un- 
doubtedly will  continue  and  even  increase  in  many  directions,  it  has 
not  prevented,  even  in  countries  like  England,  where  wood  is  dear, 
an  increased  consumption  per  capita  of  population,  while  Germany, 
with  all  its  well-managed  forests,  imports  great  quantities  of  large- 
sized  timber.  Moreover,  as  we  learn  to  know  the  properties  of  this 
material,  we  find  that  it  is  capable  of  many  uses  for  which  it  was  suj)- 
posed  the  metals  alone  were  fit;  wood  is  to-daj'  displacing  the  best 
qualities  of  steel  even  in  such  delicately  balanced  structures  as  the 
bicycle.  That  this  return  to  wood  in  many  of  our  manufactures  will 
continue,  in  spite  of  the  cheapness  of  iron  and  steel,  there  is  not  the 
slightest  reason  for  doubt,  and  the  importance  of  wood  as  a  material 
of  construction,  to  say  nothing  of  its  use  as  pulp,  cellulose,  and  its 
derivatives,  and  its  growing  value  as  a  fuel,  will  steadily  increase  and 
not  decrease,  as  is  so  commonly  assumed  and  taught. 

Before  entering  into  the  discussion  of  the  uses  of  different  kinds  of 

wood,  and  the  reasons  for  their  selection,  it  may  be  well  to  review  the 

principal  useful  qualities  of  this  material  and  to  some  extent  compare 

it  with  its  most  natural  substitutes. 

391 


392     YEARBOOK    OF    THE    U.  S.  DEPARTMENT    OF    AGRICULTURE. 
WOOD   AS   COMPARED   WITH   IRON. 

1.  Wood  is  a  natural  product;  iron  the  product  of  a  costly,  compli- 
cated manufacture.  Wood  may  be  grown  wherever  man  wishes  to  use 
it;  the  manufacture  of  iron  is  practically  confined  to  particular  locali- 
ties. The  mines  of  both  iron  and  coal  are  exhaustible;  the  forest, 
under  proper  management,  produces  forever. 

2.  Wood  is  cheap;  metals  are  dear.  Even  in  the  form  of  lumber, 
and  with  the  cost  of  long-distance  transportation  added,  wood  costs 
the  consumer  in  this  country  rarely  more  than  25  cents  per  cubic  foot, 
while  iron  in  bars  and  sheets  is  worth  at  wholesale  from  $5  to  $10  per 
cubic  foot. 

3.  Wood  is  soft;  simple  tools  and  small  effort  suffice  to  shape  it. 
Iron  is  hard;  any  change  of  form,  whether  by  casting,  rolling,  sawing, 
cutting,  planing,  turning,  filing,  boring,  or  grinding,  requires  much 
labor,  or  else  complicated  and  costly  processes  and  equipments.  In 
the  ease  and  rapidity  with  which  wood  can  be  shaped,  reshaped,  and 
combined  in  structures  it  excels  all  other  materials. 

4.  Wood  cleaves  or  splits;  metals  do  not.  While  this  property  has 
its  disadvantages,  it  is  one  that  in  some  directions  determines  the 
usefulness  of  wood.  It  permits  ready  preparation  for  fencing  and 
firewood,  which  latter  use  exceeds  in  bulk  ten  times  the  amount  of 
iron  and  steel  used  in  this  country. 

5.  Wood  is  stronger  than  is  usually  supposed.  In  tensile  strength 
(pull  lengthwise  or  with  the  grain  of  the  wood)  a  bar  of  hickory  ex- 
ceeds a  similar  bar  of  wrought  iron  of  the  same  length  and  weight,  and 
it  even  surpasses  steel  under  the  same  conditions. 

Similarly,  a  select  block  of  hickory  or  of  long-leaf  pine  sustains  a 
greater  weight  in  compression  endwise  (parallel  to  the  grain  of  the 
wood)  than  a  block  of  wrought  iron  of  the  same  height  and  weight, 
and  nearly  approaches  cast  iron  in  this  respect. 

6.  Wood  is  very  elastic  and  resists  bending  to  a  marked  degree; 
and  though  the  modulus  of  elasticity  of  iron  as  ordinarily  stated 
appears  10  to  15  times  as  great  as  that  of  good  ash  or  long-leaf  pine, 
yet  a  square  10-foot  bar  of  the  latter  wood  requires  6  to  8  times  as 
great  a  load  to  bend  it  by  1  inch  as  a  similar  bar  of  iron  of  the  same 
length  and  weight.  Moreover,  wood  endures  a  far  greater  distortion 
than  the  metals  without  receiving  a  '*set"  or  permanent  injury.  It 
does  not  rust  nor  crystallize,  but  retains  its  quality,  and  being  light, 
and  therefore  used  in  solid  pieces,  may  be  selected  with  perfect  assur- 
ance of  avoiding  "flaws,"  wliich  are  so  dangerous  in  all  metals  when 
used  in  small  pieces  combined  to  make  a  larger  structure. 

7.  Wood  is  light;  iron  and  steel  are  heavy.  The  average  weight  of 
all  wood  used  in  tliis  country  does  not  exceed  31  pounds  ywr  cubic 
foot;  that  of  iron  and  steel  is  from  430  to  450  pounds  per  cubic  foot. 
Tliis  quality  affects  ease  of  handling  and  transportation;  it  permits 
the  floating  of  most  woods  when  green  and  of  all  when  dry,  and  with 


THE    USES   OF    WOOD.  393 

its  superior  strength  and  stiffness  results  in  a  saving  of  more  than  75 
per  (^ent  in  the  weight  of  structures,  frames,  floors,  furniture,  etc. 

8.  Wood  is  a  i)oor  conductor  of  heat  and  electricity.  Heated  to 
150°  F.  or  cooled  below  the  freezing  point  of  water,  iron,  steel,  and 
other  metals  are  painful  to  the  touch,  and  even  far  within  these  limits 
metal  objects  are  objectionable  on  account  of  their  ready  conductivity 
of  heat.  Wood,  on  the  other  hand,  is  entirely  inoffensive  as  long  as 
its  temperature  renmins  within  the  above  limits.  The  objections  to 
metal  dwellings  on  this  account  are  experienced  also  in  heavy-armored 
ships,  which,  in  spite  of  the  excellence  of  an  oceanic  climate,  are  notori- 
ously uncomfortable  and  even  injurious  to  health. 

AVhen  exposed  to  heat,  wood  is  ignited  and  destroyed  by  fire.  The 
inflammability  and  combustibility  of  wood  at  high  temperatures, 
though  among  its  most  valuable  properties,  are,  at  times,  a  drawback 
which  metals  do  not  share;  nevertheless,  during  conflagrations  the 
behavior  of  wooden  structures  is  often  less  objectionable  than  that  of 
metal  structures;  for,  while  a  beam  of  wood  burns,  it  retains  its  shape 
to  the  last,  and  the  structure  may  stand  and  be  saved,  while  under 
the  same  circumstances  metal  beams  twist  out  of  shape  and  thereby 
occasion  the  fall  of  the  entire  structure.  This  behavior  of  wood  in 
conflagration  has  induced  the  best  authorities,  fire  underwriters  and 
others,  to  recommend  the  use  of  wood  in  all  large  structures  where  the 
combustible  contents  of  the  rooms  annul  the  value  of  fireproof  metal 
construction. 

If  wood  were  a  good  conductor  of  electricity,  its  usefulness  as  a 
material  of  construction  in  our  large  cities  would  be  much  impaired, 
for  it  appears  to  be  a  very  serious  and  constantly  growing  difficulty  to 
protect  life  and  property  against  this  dangerous  and  yet  so  useful 
force. 

9.  Woods  are  normally  inoffensive  in  smell  and  taste;  liquors  and 
wines  of  the  most  delicate  flavors  are  kept  in  oaken  casks  for  many 
years  without  suffering  in  quality.  Chemical  changes,  often  directly 
producing  poison,  prevent  the  use  of  cheap  metals  for  these  purposes. 

10.  Owing  to  their  structure,  all  woods  present  varieties  of  charac- 
teristic aspects  and  possess  no  small  degree  of  beauty.  A  plain  sur- 
face of  metal,  of  whatever  kind,  is  monotonous,  while  one  of  wood, 
unless  marred  by  paint,  presents  such  a  variety  of  unobtrusive  figures 
that  the  eye  never  tires  of  seeing  them.  That  this  beauty  is  quite 
fully  appreciated  is  best  illustrated  by  the  fact  that  pianos,  sideboards, 
and  other  elegant  furniture  are  not  covered  with  sheet  metal  (as  they 
might  very  cheaply  and  effectively  be),  and  that  the  handsome  floors 
of  costly  structures  are  neither  painted  nor  carpeted. 

11.  Wood  is  easily  and  effectively  united  by  the  simple  process  of 
gluing,  so  that  valuable  combinations,  whether  for  behavior,  strength, 
or  beauty,  are  possible.  A  three-ply  veneer  board  may  not  onh^  be 
as  pretty  as,  but  also  more  serviceable  than,  a  simple  board  of  any  one 
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of  the  two  or  three  kinds  of  wood  of  which  it  is  composed,  and  a  white- 
pine  door  with  cherry  or  walnut  veneer  is  not  only  fully  as  handsome 
as  a  walnut  door,  but  it  is  far  superior  in  its  behavior,  since  all  shrink- 
ing and  warping  is  thereby  practically  prevented.  Iron  and  steel  may 
be  welded,  most  metals  can  be  soldered,  but  none  of  these  processes 
can  be  compared  to  gluing  in  effectiveness  and  ease  of  operation. 

So  far  wood  has  been  regarded  only  as  a  material  of  construction ; 
but  while  this  is  perhaps  the  most  important  consideration,  the  use  of 
wood  as  a  substance  which  may  be  altered  physically  and  chemically 
is  far  more  important  than  is  generally  admitted. 

12.  The  great  mass  of  mankind  is  warmed  and  has  its  food  cooked 
by  wood  fires.  Even  in  this  country  to-day,  in  spite  of  the  great  com- 
petition of  coal,  three-fourths  of  all  the  homes  and  thousands  of 
manufacturing  establishments  are  supplied  with  heat  from  wood. 

13.  Wood  is  ground  into  pulp  and  made  into  paper  and  pulp  boards 
with  endless  variety  of  application.  Wood  pulp,  made  by  chemical 
processes,  results  in  cellulose  and  its  countless  derivatives,  which 
are  capable  of  supplying  almost  anything,  from  a  shirt  collar  to  a  car 
wheel. 

14.  Distillation  of  wood  furnishes  charcoal  to  the  smithy  or  furnace, 
vinegar  to  the  table,  alcohol  to  the  artisan,  creosote  to  the  wood  pre- 
server, gas  for  fuel  and  light,  tar  for  roof  boards,  and  pyroligneous, 
oxalic,  acetic,  and  other  acids,  as  well  as  acetone,  paraffin,  naphtha- 
lin,  etc.,  to  the  manufacturing  chemist,  and,  by  a  slight  variation  of 
the  process,  lampblack  to  the  printer  and  painter. 

Wood  also  differs  from  the  metals  in  several  other  respects.  It  is 
not  fusible,  it  can  not  be  cast;  hence,  to  duplicate  a  form  in  wood 
requires  the  same  amount  of  effort  as  did  the  original.  Changed  into 
pulp,  and  still  more  into  cellulose,  this  drawback  is  largely  overcome. 
Wood  can  not  be  welded,  though,  as  stated  before,  this  is  more  than 
compensated  by  gluing;  nevertheless,  an  end-to-end  junction  of  the 
kind  produced  in  iron  can  not  be  effected. 

Wood  can  not  be  rolled;  it  must  be  cut  into  shape;  but  owing  to  its 
softness  and  cleavability  this  requires  incomparably  less  effort  and 
equipment  than  the  rolling  of  metals. 

Wood  is  hygroscopic;  it  contains  water  under  all  ordinary  condi- 
tions, and  the  amount  so  contained  varies  with  external  conditions 
and  with  it  the  dimensions  of  the  piece.  Though  an  advantage  in  a 
barrel  or  tube,  by  making  it  more  secure  against  leakage,  this  pecul- 
iarity of  wood  is  nevertheless  a  drawback  not  belonging  to  the  metals, 
but  corresponding  to  the  drawback  in  the  use  of  metals  occasioned  by 
their  annoying  expansion  and  contraction  due  to  change  of  tempera- 
ture. Wood  decays;  iron  and  steel  oxidize  or  rust.  Both  are  serious 
drawbacks  to  the  use  of  these  materials,  but  since  decay  depends  on 
living  organisms,  wliose  multiplication  is  sometimes  extremely  rapid, 
at  other  times  almost  imperceptible,  varying  with  the  conditions  of 
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tlie  wood  (nioistiii'e,  temperature,  etc.),  the  decay  of  woods  is  gener- 
ally more  damaging-  than  the  oxidation  of  metals.  Under  water 
wood  lasts  longer  than  steel  or  iron. 


WHEREIN   THE    WOODS   DIFFER. 

The  properties  which  directly  or  indirectly  lead  the  artisan  to  prefer 
a  particular  kind  of  wood  for  a  special  purpose  may  be  grouped  into — 

1.  Mechanical  properties,  such  as  strength,  toughness,  stiffness,  etc. 

2.  Physical,  such  as  weight  and  behavior  during  and  after  seasoning. 

3.  Chemical,  such  as  color,  durabilitj^,  and  value  as  fuel. 

4.  Structural,  such  as  texture,  beauty  of  pattern,  and  length  of  fiber, 
o.  Biological,  such  as  size,  form,  and  abundance. 

MECHANICAL   PROPERTIES. 

Of  these  several  groups,  the  mechanical  properties  naturally  take 
precedence,  and  of  these  again  tough- 
ness and  stiffness  are  unquestionably 
the  most  important,  so  that  even  the 
most  general  classification  of  woods 
into  *' hard  woods"  and  "not  hard 
woods  "  (for  this  latter  class,  though 
by  implication  the  conifers,  has  so 
far  no  name  in  this  country)  depends 
not  at  all  on  hardness  as  the  word 
might  suggest,  but  on  toughness,  the 
tough  Avoods  being  the  hard  woods, 
the  others  the  conifers.  Since  tough- 
ness is  a  combination  of  strength  in 
several  directions,  the  various  forms 
of  strength  should  be  first  considered 
separately. 

When  in  use,  wood  usually  breaks 
in  bending,  as  in  the  case  of  an  ax 
or  fork  handle,  or  else  in  shearing 
or  splitting,  as  seen  in  planks  and 
boards,  whether  on  the  sidewalk  or  in 
the  wagon  body.  Wood  fails  much 
more  rarely  in  compression,  though 
muck  exposed  to  this  form  of  strain,  and  still  less  frequently  in  ten- 
sion, since  in  this  direction  its  resistance  is  enormous,  and  can,  in 
ordinary  articles,  never  be  brought  to  fair  trial. 

Fundamentally,  all  strength  of  wood  depends  on  four  different 
forms  of  resistance,  namely,  the  resistance  to  tension,  or  lengthwise 
separation  of  the  fiber  (fig.  94,  A),  resistance  to  compression  length- 
wise (fig.  94,  J5),  resistance  to  compression  side  wise,  or  to  collapse 
of  fiber  (fig.  94,  (7),  and  lateral  adhesion  of  the  fibers  (fig.  94,  D). 
Where  a  stick  of  wood  is  tested,  none  of  these  forms  of  resistance  can 


Fig.  94.— The  four  fundamental  forms  of 
resistance:  A,  to  tension;  B,  to  compres- 
sion parallel  to  fiber;  C,  to  compression 
at  right  angle  to  fiber;  D,  to  transverse 
tension;  /,  fiber  of  wood.  Arrows  indi- 
cate direction  of  force. 


396  YEARBOOK  OF  THE  U.  S.  DEPARTMENT  OF  AGRICULTURE. 


^ 


A 


a 


be  isolated  and  tested  separately,  and  in  every  kind  of  failure  two  or 
more  are  represented. 

Since  the  strength  of  the  fibers  in  adhesion  is  very  much  less  than  in 
/:y;T^<^  tension  and  compression,  adhesion  enters  into  nearly 

every  test  as  an  important  factor. 

Thus,  if  a  piece  of  wood  consisting  of  several  fibers 
is  tested  in  tension  (see  fig.  95),  the  fibers  a  and  h 
would  probably  not  break  at  all,  but  be  merely 
pulled  out,  the  failure,  as  far  as  they  are  concerned, 
being  due  to  lack  of  adhesion  and  not  to  a  lack  of  ten- 
sile strength.  Every  tension  test  presents  numerous 
cases  of  this  kind,  the  broken  fibers  presenting  no 
even  fracture,  but  being  splintered  and  drawn  out, 
especially  if  the  wood  is  good. 

In  the  same  way  when  a  piece  of  wood  is  com- 
pressed lengthwise,  some  fibers  badly  situated  with 
regard  to  the  action  of  the  load  collapse  or  else 
crush  into  their  neighbors  (see  fig.  96),  and  immedi- 
ately a  breach  develops,  into  which  fiber  after  fiber 
JJj  falls,  the  breach  spreading  from  this  point;  and  the 

whole  mass  of  fibers,  now  no  longer  adhering  in  this 


—C 


PlO.  95.— Behavior  of 
fibers  in  tension 
test:  a,  6,  ends  of 
single  fibers,  which 
may  be  pulled  out; 
c,  whole  fiber,  which 
must  be  broken. 


plane,  behave  as  a 
great  number  of  sep- 
arate fine  strands — 


they  "buckle,"  and 
the  piece  fails. 

Bending  is  a  compound  test  of  com- 
pression on  the  upper  (concave)  side 
of  the  beam  and  tension  on  the  lower 
(convex),  and  numerically  stands  be- 
tween these  two,  that  is  to  say,  if  a 
stick  breaks  in  bending,  whether  it 
break  first  on  the  upper  side  (in  com- 
pression) or  on  the  lower  side  (in 
tension),  the  bending  strength,  as 
commonly  stated,  is  neither  equal  to 
the  comi)ression  strength  nor  to  the 
tension  strength,  but  lies  l)etween 
the  two.  Here,  as  in  the  cases  cited, 
adhesion  forms  one  of  the  factors, 
since  at  failure  part  of  the  rupture 
consists  in  a  separation  of  fibers. 

Shearing  along  tlie  fiber  is  simi)Iy 
force  acts  in  a  lino  parallel  to  the 


Fig.  9C.— Beginning  of  failure  in  compres- 
sion: V,  vessel;  a,  point  where  the  fibers 
are  separating  and  the  "buckling"  is 
l)eginning. 


a  test  in  adhesion,  whore  the 
fiber,  and  the  values  in  shearing 
wherever  tested  agree  with  those  of  tests  in  "  transverse  tension,"  as 
the  test  of  adhesion  may  be  termed. 
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In  splitting  or  cleaving,  the  case  is,  like  shearing,  almost  entirely 
one  of  transverse  tension;  with  this  difference,  however,  that  the 
force  is  applied  to  a  small  area  and  acts  on  a  lever  (the  side  of  the 
cleft);  it  acts,  therefore,  the  more  effectively  the  longer  the  cleft  and 
the  stiffer  the  wood.  From  what  has  preceded,  it  is  evident  that  the 
adhesion  of  the  fibers,  or,  better,  the  resistance  to  transverse  tension, 
is  of  great  importance.  Examining  the  structure,  it  is  quite  apparent 
that  this  resistance  is  greatly  influenced  by  the  shape  and  relative 
position  of  the  fibers.  In  hard  woods  (see  fig.  97)  the  cells  do  not 
arrange  themselves  in  rows;  hence,  there  are  no  natural  cleavage 
planes  (except  at  the  pith  rays).  A  knife  passing  along  the  line  A  B 
in  fig.  97  does  not  merely  separate  two  layers  of  fibers;  it  has  to  cut 
through  the  cells  themselves;  while  if  passing  through  coniferous 
wood,  as  along  A  B^ 

P 


G 

f 


fig.  98,  it  finds  a  nat- 
ural plane  of  con- 
tact of  two  sheets  of 
fibers,  and  thus  has 
easy  work.  More- 
over, the  course  of 
the  fibers  in  hard 
woods  is  rarely 
straight,  the  fibers 
are  generally  in 
oblique  positions 
(best  illustrated  in 
elm),  they  "inter- 
lace," and  if  a  piece 
of  wood  is  split  the 
surface  is  fuzzy 
with  the  myriads 
of  fibers  which  were 
not  merely  sepa- 
rated, but  were  torn  in  tension,  the  very  way  in  which  they  offer 
greatest  resistance.  For  these  reasons  hard  woods  have  generally  a 
much  greater  strength  in  transverse  tension  than  the  conifers.  Thus, 
oak  excels  hard  pine  nearly  as  2  to  1.  Where  this  greater  resistance 
to  transverse  tension  is  accompanied  by  a  greater  flexibility,  by  more 
"give," as  is  nearly  always  the  case  with  hard  woods,  the  wood  becomes 
tough;  a  blow  may  indent,  but  does  not  shatter. 

This  toughness  is  a  combination  of  relatively  great  strength  in 
transverse  and  longitudinal  tension  together  with  a  fair  amount  of 
flexibility  or  capacity  to  endure  distortion.  That  toughness  varies 
widely  is  well  known,  as  is  shown  in  the  elm,  which  excels  in  tough- 
ness, and  in  the  yellow  poplar,  which  j^ossesses  but  little.  Naturally 
the  hard  woods  exhibit  it  to  a  much  greater  degree  than  the  conifers. 


Fig.  97. 


-Typical  hard  wood:  /,/,  wood  fibers;  p,  pores; 
V,  V,  cavity  of  vessels. 
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Even  a  poplar  hoard  will  bear  far  longer  the  constant  jar  and  jolt  and 
wrench  which  it  must  endure  as  a  part  of  a  wagon  box  than  a  very 
strong  piece  of  pine  or  other  conifer,  and  great  toughness,  such  as 
exists  in  a  good  hickory  spoke,  is  not  possessed  by  any  known  conifer- 
ous wood. 

Hardness  in  wood  means  the  resistance  which  any  surface,  but  par- 
ticularly the  sides  (longitudinal  faces),  offers  to  the  entrance  of  a  blunt 
body,  such  as  a  hammer.  The  test  in  hardness  is  one  of  transverse 
compression  of  the  fibers,  and  therefore  depends  on  their  resistance  to 
collapse.  In  a  single  fiber  (see  fig.  94,  C )  this  resistance  depends  on 
that  of  the  material  (presumably  about  alike  in  all  wood),  on  the  shape 
of  the  fiber,  and  the  relative  thickness  of  its  walls.  Fibers  like  those  of 
hard  woods  (fibers  proper,  see  fig.  97),  with  a  hexagonal  cross  section 


Fig.  98.— Typical  conifer,  drawn  to  same  scale  as  hard  wood:  ft,  p,  bordered  pits,  by  which 
neighboring  cells  (tracheids)  communicate. 

and  commonly  scarcely  any  cell  lumen  or  hollow,  naturally  behave 
almost  like  solid  wood  substance.  They  offer  great  resistance,  so  that 
if  the  outer  surface  of  a  stick  is  formed  by  such  fibers  its  hardness  is 
very  great.  If,  on  the  other  hand,  the  surface  layer  is  composed  of  thin- 
walled  vessels  or  of  tracheids,  like  those  of  the  spring  wood  in  conifers, 
the  wood  is  soft.  In  the  usual  lest  the  indentation  extends  but  a 
short  distance  ahead  of  the  instrument  (as,  for  instance,  wlien  a  tim- 
ber is  struck  with  a  hammer) ;  but  if  the  test  is  continued  long  enough 
the  comi)ression  results  in  destruction  of  all  the  thin-walled  and  much 
of  the  thick-walled  tissue  of  the  wood,  so  that  timlxM's,  such  as  those 
sometimes  buried  in  collapsed  portions  of  deep  mining  shafts,  are  de- 
stroyed througliout.     Such  a  crushed  stick  continues  to  resist  further 
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crushing,  becomes  compacted,  dense,  and  heavy,  but  loses  nearly  all 
its  bending  strength,  etc. ;  it  takes  up  water  i-apidly,  and  when  soaked 
crumbles  like  wood  in  the  later  stages  of  decay.  Closer  examination 
shows  that  all  thin-walled  fibei-s  have  collapsed  just  like  cruslied 
pasteboard  tubes,  the  break  running  along  two  or  moi-e  lines  tlie  length 
of  the  fiber,  the  form  of  the  cross  section  being  changed  from  a  hexa- 
gon to  an  S  shape,  or  an  approach  to  this  form. 

The  hardness  of  wood  in  the  sense  as  uoted  is  quite  variable,  even 
in  wood  of  the  same  species,  varying  on  different  sides  and  also 
according  to  the  portion  of  the  annual  ring  exposed  at  the  surface, 
the  extent  of  compi'ession,  and  other  circumstances. 

In  nearly  all  wood  used  for  construction,  w^hether  a  bridge  timber, 
the  studding  or  joist  of  a  house,  or  mereh"  a  table  or  chair  leg,  the 
stiffness  of  the  wood  is  an  essential  quality,  and  in  many  if  not  most 
cases  it  is  far  more  important  than  the  ultimate  strength.  Thus, 
a  rafter  or  joist  need  not  be  very  strong,  but  it  must  bend  but 
little  under  its  assigned  load,  and  even  in  furniture  and  smaller 
objects  the  piece  must  not  only  be  sufficiently  large  to  hold  up  its 
weight  without  breaking,  but  to  hold  it  without  being  distorted  to  an 
unsightly  or  troublesome  degree.  In  this  case  ultimate  strength  is 
not  considered,  but  stiffness  or  elas- 
ticity rather,  and  in  the  majority  of      ^^^ ^ 

cases  a  ' '  strong  wood  "  is,  with  the  arti- 
san, really  a  stiff  wood.     The  stiffness 

of  a  piece  of  wood  depends  on  its  weight  ^^^  gy.-Smgle  cell  test  in  bending. 

and  on  its  structure.     If  a  single  fiber 

of  pine  (see  fig.  99)  and  one  of  hickory,  both  of  the  same  size  and 
thickness  of  wall,  could  be  tested,  the}^  would  probabl3^be  found  alike 
in  stiffness,  strength,  and  degree  of  extensibility,  for  both  are  practi- 
cally alike  chemically  and  phj^sically.  The  great  difference  between 
these  woods  must  therefore  be  in  the  combination  in  which  the  fibers 
occur  in  the  wood  structure,  and  it  is  in  this  that  we  find  a  ready  and 
plausible  explanation  for  differences.  A  glance  at  figs.  97  and  98, 
the  one  representing  typical  hard  wood,  the  other  coniferous  Avood, 
shows  that — 

1.  The  elements  of  structure  are  alike  in  conifers,  unlike  in  hard 
wood. 

2.  They  are  all  large  (comjiaratively)  in  conifers,  while  in  hard  wood 
extremely  small  elements  (fibers  proper)  form  scattered  bodies  among 
larger  ones  (parenchyma)  and  very  large  ones  (the  vessels). 

3.  These  bodies  of  small  fibers,  the  strongest  part  of  the  wood, 
have  extremely  thick  walls,  compared  to  their  size,  in  the  hard  woods, 
but  much  less  so  in  the  conifers. 

4.  The  fibers  in  conifers  are  arranged  in  perfect  rows  (or  really 
sheets,  for  the  cells  of  each  row  are  practically  conterminous),  those  of 
hard  woods  are  found  in  divided  bodies,  and  appear  like  separate 
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strands  of  specially  strong  material.  In  addition,  the  fibers  (tracbeids) 
in  conifers  are  usually  much  longer  than  those  in  hard  woods,  a  fact 
not  shown  in  the  figures.  On  account  of  these  structural  conditions 
the  fibers  in  the  conifer  act  much  more  perfectly  together  and  allow 
less  **give"  than  the  heterogeneous  elements  and  especially  the  sepa- 
rated strands  of  fibers  in  hard  woods,  which  arrangement  permits  more 
"give,"  and  this  **give"  lessens  the  stiffness  or  elasticity  of  the  hard 
wood.  For  if  we  return  to  our  single  cell  (see  fig.  99)  we  would  have 
the  upper  part  compressed  when  the  fiber  is  bent,  the  lower  extended, 
and  the  behavior  would  simply  depend  on  the  shape  of  the  fiber  and 
the  material  of  its  wall,  but  if  w^e  have  a  set  of  fibers  and  vessels  (see 
fig.  100)  grown  together  and  tested  the  behavior  depends  not  only  on 
their  shape  and  the  material,  but  also  on  the  relative  position  of  the 
fibers  and  other  elements.  Those  which  are  crooked  or  oblique  on 
the  upper  side  of  the  stick  will  have  their  unfavorable  attitude 
increased,  those  on  the  lower  side  will  merely  be  straightened  or  but 
partly  strained,  while  the  main  part  of  the  load  applied  at  first  is 
borne  by  on\y  a  part  of  the  fibers,  that  is,  those  straightest  in  their 
position.     Here  the  large  fibers  of  the  conifer  with  their  regularity  of 

arrangement  all  fall  in  line 
at  once,  they  are  ' '  straight 
grain, "Hhe  "give"  is  small, 
and  the  timber  is  stiff. 
Moreover,  when  the  load  is 
removed  the  case  is  exactly 
reversed.  The  fibers  of 
^ ^ ,     ^  coniferous  wood,  all  being 

Fio.  100. -Behavior  of  hard  wood  in  bending.  strained,    exert     the     Same 

power  to  return,  while 
many  of  the  fibers  in  the  hard  wood,  on  the  other  hand,  are  really 
under  but  little  strain,  they  make  little  effort  to  return,  the  timber 
does  not  "spring  back,"  and  thus  is  neither  very  stiff  nor  springy  or 
resilient;  it  is  not  very  elastic.  Thus,  it  is  that  conifers  are,  as  far  as 
is  known  at  present,  generally  stiffer  than  hard  woods  of  the  same 
weight,  the  difference  often  being  very  considerable.  The  finer  and 
the  more  even  the  structure  of  the  hard  wood,  the  straighter  the  grain, 
the  greater  the  weight  of  any  wood,  and  the  more  perfectly  it  is  sea- 
soned, the  stiffer  it  is.  In  conifers  this  quality  seems  to  vary  directly 
with  their  weight.  In  hard  woods  the  matter  is  too  little  known  to 
warrant  any  general  statement,  though  here,  too,  heavy  woods  like 
oak  and  ash  are  stiffer  than  light  woods,  such  as  poplar. 

PHYSICAL  PROPERTIES. 

Weight  is  an  important  indicator  of  the  mechanical  qualities  of 
wood  and  a  direct  measure  of  its  value  as  fuel  or  material  for  coaling 

'  It  must  not  be  understood  that  coniferous  wood  is  always  straight  grained  in 
the  ordinary  senRo  of  tlie  word. 
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and  dry  distillation,  and  often  determines  the  choice  of  woods  for  a 
particular  i^urpose.  Thus,  panels  and  other  surface  lumber  in  vehi- 
cles, thrashers,  and  other  movable  articles,  which  should  be  no  heavier 
than  necessary  to  perform  their  function,  and  all  lumber  for  shippini^ 
crat(»s  and  boxes,  especially  where  these  must  b<i  tight  and  stiff,  are 
invariably  selected  from  the  lightest  wood  obtainable. 

Generally  si)eaking,  our  conifers  are  lighter  than  the  hard  woods, 
but  there  are  light  and  heavy  kinds  in  both. 

Shrinking,  swelling,  warping,  and  checking  are  the  greatest  draw- 
backs to  the  use  of  wood,  and  are  all  expressions  of  the  same  property 
of  wood  material,  namely,  its  hygroscopicity,  or  capacity  to  absorb 
or  give  off  water  and  thereby  change  its  volume.  All  the  walls  of 
the  cells  grow  thicker  if  a  dry  piece  is  moistened.  This  increases 
the  size  of  the  cells  and  thereby  the  size  of  the  piece.  The  larger  the 
single  cell  elements  the  more  rapidly  the  water  can  get  to  or  from 
all  parts,  and  the  nearer  all  cells  are  alike  in  size  the  more  nearly 
they  shrink  and  swell  alike. 

This  explains  why  pine  or  other  coniferous  wood  shrinks*  and  swells 
much  more  evenly  than  hard  woods,  and  also  why  they  are  more  sus- 
ceptible to  moisture.  It  also  accounts  for  the  fact  that  the  lighter 
hard  woods  give  so  much  less  trouble  in  shrinking  and  swelling  than 
the  heavier  ones. 

CHEMICAL   PROPERTIES. 

Since  the  chemical  composition  of  the  cell  wall  of  all  woods  is  quite 
similar,  the  value  of  wood  as  fuel  and  in  dry  distillation  merely 
depends  on  its  weight.  Of  the  chemical  properties  important  in  con- 
struction, it  is  chiefly  durability^  and  color  which  enter  into  the  selec- 
tion of  materials,  both  dependent  on  chemical  combinations.  What 
the  substances  are  which  make  the  heart  of  cedar  and  white  oak 
durable  and  what  the  processes  are  which  lead  to  their  formation  are 
as  yet  but  little  understood.  It  is  certain  that  these  bodies  are  pres- 
ent only  in  very  small  quantities,  but  perfectly  permeate  the  cell  walls 
and  commonly  appear  together  with  more  or  less  sharply  marked 
changes  in  color. 

Generally,  trees  with  durable  wood  form  a  distinct  heartwood,  but 
their  sapwood  is  no  more  durable  than  that  of  other  kinds.  Since 
durability  depends  mainly  on  resistance  to  living  organisms,  proper 
experiments  to  determine  the  relative  durability  of  woods  are  exceed- 
ingly complicated,  and  satisfactory  results  are  still  wanting.  In  the 
absence  of  better  data,  the  "life"  of  railway  ties  as  commonly 
observed  will  in  some  measure  answer  this  purpose. 

'  Durability  here  means  the  resistance  to  decay  when  placed  in  the  ground  or 
otherwise  unfavorably  exposed. 

12  a96 26 
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Range  of  durability  in  railroad  ties. 


Years. 

White  oak  and  chestnut  oak 8 

Chestnut 8 

Black  locust 10 

Cherry,  black  walnut,  locust 7 

Elm 6  to  7 

Red  and  black  oaks 4  to  5 

Ash,  beech,  maple 4 


Years. 

Redwood 12 

Cypress  and  red  cedar 10 

Tamarack 7  to  8 

Long-leaf  pine _ 6 

Hemlock 4  to  6 

Spruce 5 


An  even  color,  a  darker  or  lighter  shade,  are  such  important  ele- 
ments in  the  appearance  of  wood  that  in  all  finishing  work  color  is 
one  of  the  chief  considerations  in  the  selection. 

STRUCTURAL  FEATURES. 

Besides  being  intimately  related  to  the  mechanical  properties,  the 
structure  also  determines  the  texture  and  almost  entirely  the  beauty 
of  the  wood.  Texture  may  be  said  to  be  coarse  when  large  pores,  in 
rows  or  stsatterod,  appear  as  holes  on  the  ends  or  as  dark  streaks 
(troughs)  on  the  sides,  as  in  oak  and  ash;  it  is  moderately  coarse  if 
all  its  elements  are  large,  as  in  pine,  and  it  is  fine  if  all  the  elements 
are  small,  as  in  cherry,  and  much  more  so  in  boxwood.  Apart  from 
the  appearance  of  the  wood,  the  texture  is  often  in  itself  a  property 
which  fits  or  unfits  the  wood  for  a  particular  use.  Thus,  red  oak  is 
useless  for  a  faucet  or  for  a  delicate  piece  of  carving,  because  in  the 
one  case  it  leaks,  in  the  other  its  own  coarse-texture  lines  will  mar 
and  distort  the  picture. 

Structure  is  the  first  element  of  beauty  in  wood.  Its  uniformity 
of  structure  makes  white  pine  monotonous;  the  striking  difference  of 
spring  and  summer  wood  renders  hard  pine  obtrusive;  the  arrange- 
ment of  vessels,  fibers,  and  pith  rays  characterize  oak,  and  the  peculiar 
arrangement  of  the  same  elements  gives  to  elm  those  handsome  figures 
of  dark  wavy  lines  on  an  even  background  of  brown. 

Without  analyzing  or  inquiring  into  their  cause,  the  several  pat- 
terns have  become  familiar  to  all,  and  our  bedroom  sets  in  oak  and 
maple,  cherry  or  walnut,  testify  to  their  recognition  and  importance. 

BIOLOGICAL   PECULIARITIES. 

Size,  form,  and  abundance  of  wood  more  than  'a>ny  other  features 
have  influenced  the  development  of  our  wood  industries.  Man  is 
indel)ted  to  the  hirge,  long-shafted,  and  well-formed  conifers  to  a 
(Icgi'ce  i-arely  appreciated  for  assisting  him  in  his  progress.  Occur- 
ring on  extensive  areas  and  combining  most  useful  qualities,  they  are 
geiK'rally  sought  for  struc^tural  i)uri)()ses.  Masts  of  spruce  and  pine 
are  carried  across  tlu^  seas,  telograpli  and  otlier  long  poles  of  the  same 
species  are  iL'iuled  hundreds  of  miles  i)ecause  of  their  foi-ni  and  the 
ease  with  which  straight,  elastic  material  can  be  found  among  them. 
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If  a  carpenter  were  obliged  to  rely  upon  beech,  birch,  chestnut,  oak, 
poi^lar,  etc.,  and  had  to  use  them  in  combination,  house  building 
would  be  not  only  mucli  more  diflicult  and  costly,  but  unsatisfactory. 
While  the  stringer  or  joist  of  pine  would  keep  straight,  its  neighbor, 
the  oak,  would  sag  down,  the  chestnut  would  warp  out  of  line,  the 
beecli  and  hickory  would  soon  be  infested  with  boring  insects,  and 
the  whole  would  be  a  failure.  Abundance  in  suitable  size,  form, 
and  qualities  have  made  white  pine  the  king  of  American  woods,  and 
so  fully  are  these  i)roperties  appreciated  in  i)ractice  that  it  required 
a  severe  struggle  to  introduce  even  such  unexcelled  material  as 
cypress  as  a  substitute. 

VTHERE  AND   HOW  WOOD   IS  USED. 

Though  the  consumption  of  lumber  and  timber  in  the  various  trades 
is  enormous  in  this  country,  yet  nearly  three-fourths  of  the  twenty- 
live  billion  cubic  feet  of  total  consumption  still  finds  its  way  into  the 
fireplace  or  is  employed  for  fencing  and  other  minor  uses. 

For  these  purposes  almost  all  kinds  of  wood  are  used,  though  quite 
a  selection  is  made  wherever  choice  exists.  Thus,  in  many  of  the 
better-wooded  districts  only  the  heavier  hard  woods,  and  often  only 
the  better  second  growths  of  these,  furnish  a  marketable  cord  wood. 
Fencing  is  normally  made  from  the  wood  on  the  land  to  be  fenced, 
but  the  combination  of  durability,  ease  of  cleavage,  and  lightness 
leads  to  preference  of  chestnut,  cedar,  etc.,  provided  these  can  be 
had;  otherwise  any  and  all  kinds  are  used,  and  much  fencing  is  made 
of  sapling  poles  and  brush,  notwithstanding  the  rapid  decay  as  well 
as  inferiority  of  such  material. 

But  little  more  care  is  necessary  in  the  selection  of  timber  for  rough 
constructions  like  log  houses,  barns,  and  sheds.  In  these  cases  timber 
of  such  large  dimensions  is  commonly  used  that  its  mechanical  prop- 
erties are  never  greatly  taxed,  and  the  principal  properties  desired 
are  ease  of  shaping  and  durability,  and  even  this  latter  is  deemed 
requisite  only  for  foundations  and  unprotected  i)ortions. 

CARPENTRY. 

Among  the  woodworking  industries  that  of  carpentry,  with  nearly 
1300,000,000  worth  of  annual  product,  is,  in  this  countiy,  by  far  the 
greatest  consumer.  The  material  for  this  ti'ade  furnishes  employment 
for  most  of  our  lumber  and  planing  mills;  it  is  generally  sawed  into 
standard  sizes,  much  of  it  planed,  matched,  and  otherwise  finished. 
In  carpentry  we  may  distinguish  between  the  covered  or  rough  por- 
tions, such  as  the  framework  of  a  house,  including  sills,  studdings, 
plates,  joists,  rafters,  sheathing,  and  roof  boards,  and  the  exposed 
parts,  such  as  the  floors,  doors,  window  frames,  sash,  blinds,  and  any 
stationary  furniture,  as  store  and  office  fixtures.  For  the  former  the 
wood  must  be  abundant,  in  suitable,  preferably  standard,  sizes,  for 
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any  cutting  involves  extra  labor  and  waste,  any  splicing  adds  to  the 
cost  and  deducts  from  the  value  of  the  product,  and  it  is  fair  to  say 
that  the  excellence,  cheapness,  and  lapidity  of  American  carpentry 
is  in  a  large  measure  due  to  the  development  of  uniform  lumber 
standards.  The  wood  for  covered  work  should  be  straight,  soft,  or 
easily  worked ;  it  should  be  light,  stiff,  and  insect  proof,  and  should 
season  rapidly  without  much  warping.  On  the  other  hand,  it  does 
not  require  t-o  be  tough  or  very  strong,  for  if  properly  designed  and 
used,  the  full  strength  of  the  frame  of  a  house  is  never  put  to  test;  it 
need  not  be  flexible,  cleavable,  nor  handsome,  and,  so  long  as  it  is  kept 
dry,  but  little  provision  is  requisite  for  its  durability.  It  is  readily 
seen  that  the  combination  of  properties  here  desired  is  possessed  to 
a  considerable  degree  by  all  our  common  coniferous  woods;  and  as 
a  matter  of  fact  entire  houses  are  built  of  pine,  or  spruce,  or  fir,  and 
everything  from  a  sill  to  a  shingle  is  made  of  every  one  of  the  many 
conifers  in  the  market,  not  even  excluding  the  hemlock.  Where 
choice  exists,  the  heaviest  forms  furnish  the  stiffest  lumber,  and  may 
therefore  be  used  in  the  smallest  dimensions.  Nearly  all  this  wood  is 
nailed  or  spiked  in  place,  very  little  is  framed  by  mortise  and  tenon, 
and  none  is  glued  together. 

In  selecting  the  lumber  for  the  exposed  portions  of  carpentry  work 
great  latitude  exists.  Aside  from  the  floors,  stairways,  etc.,  where 
the  hardness  or  resistance  to  wear  establishes  preference  for  hard 
woods,  such*  as  oak,  maple,  and  birch,  nearly  the  same  qualities  are 
demanded  as  for  the  covered  work,  with,  however,  the  important  addi- 
tion of  beauty,  or  satisfactory  appearance,  and  a  greater  degree  of 
hardness  to  protect  against  in j  ury  by  denting  and  scratching.  Tliough 
formerly  a  large  part  of  this  class  of  work  was  made  of  soft  pine,  the 
introduction  of  modern  machinery,  besides  better  taste  and  other 
causes,  have  greatly  stimulated  the  use  of  hard  pine  and  such  hard 
woods  as  oak,  ash,  maple,  birch,  sycamore,  gum,  and  elm,  with  a  i^os- 
sibility  of  using  almost  every  kind  of  wood  grown  in  our  forest.  Gen- 
erally, this  finishing  lumber,  as  it  is  commonly  termed,  is  nailed  to  its 
place,  the  floors,  ceiling,  wainscot,  etc.,  being  tongued  and  grooved 
and  thus  in  part  framed  together,  while  regular  frame  and  panel  work 
is  used  only  for  furniture,  doors,  and  sash,  and  occasionally  for  ceil- 
ings and  sides. 

As  in  the  preparation  of  lumber,  the  carpenter  is  greatly  aided  in 
this  part  of  his  work  by  numerous  special  industries.  Standard  sizes 
of  doors,  saslics,  and  blinds  are  made  almost  altogether  in  special  fac- 
tories; stairway  railings,  ornamental  columns,  all  moldings,  fancy 
floors,  office  and  store  fixtures  are  made  in  separate  shops  and  requii'c, 
on  tli(^  part  of  the  constructing  carpenter,  only  the  fitting  and  placing. 
In  part  of  this  work  much  artistic  taste  is  displayed  and  the  metliods 
of  the  cabinetmaker  are  resorted  to.  Turned  and  carved  decorations, 
the  use  of  fancy  woods — curly,  bird's-eye,  and  other  forms — (often 
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foreign  woods)  both  in  solid  pieces  and  veneer,  are  employed,  and  the 
selection  of  the  woods  is  much  the  same  as  in  cabinetwork,  though  a 
greater  range  is  possible,  since  in  stationary  parts  the  strains  due  to 
moving,  etc.,  are  avoided. 

Enormous  masses  of  wood  are  annually  consumed  on  our  highways, 
especially  on  railways,  for  wliarves  and  piers,  and  large  ({uantities 
also  in  mines.  The  hundreds  of  miles  of  wooden  railway  bridges  and 
trestles  and  many  more  miles  of  common  bridges,  together  with  piers 
and  wharves,  are  generally  built  of  heavy  timbers,  either  sawed, 
hewed,  or  in  the  rough,  while  smaller  dimensions,  chiefly  2  to  3  inch 
planks,  enter  merely  as  cover,  and  are  usually  wanting  in  the  case  of 
railway  construction.  Where  foundations  are  made  by  means  of  piles, 
or  large  timbers  driven  into  the  soft  ground,  durability  is  always  a 
much-desired  property.  Nevertheless,  more  than  one-half  of  all  the 
pile  timber  is  pine,  and  only  a  minor  fraction  is  of  white  oak  and  other 
durable  woods.  In  brackish  and  salt  water,  whc^re  the  timbers  never 
have  time  to  decay,  but  are  attacked  by  the  boring  shellfish — the 
teredo — durability  can  be  of  but  little  importance  and  the  wood  is 
selected  with  regard  to  size,  shape,  and  cheapness. 

What  has  been  said  of  piles  applies  to  the  larger  part  of  all  whai'f 
and  pier  timber;  durability  is  the  most  desirable  quality  sought,  for 
the  conditions  are  here  always  unfavorable  to  the  preservation  of 
timber.  Generally  no  other  demands  are  made.  Ultimate  strength, 
hardness,  weight,  and  beauty,  all  are  of  secondary  consideration  in 
this  kind  of  construction. 

A  large  jDart  of  all  mining  timber  serves  the  purpose  of  protecting 
the  shaft  against  caving  in,  but  great  quantities  are  also  used  in  the 
preparation  of  tram  and  rope  ways,  hoists,  and  other  structures  used 
in  the  removal  of  the  products  of  the  mine.  Most  of  this  nmterial  is 
used  in  large  quantities  at  one  place  and  in  large  sizes,  and  the  avoid- 
ance of  long-distance  haul,  usually  costly  in  mining  districts,  abun- 
dance of  proper  sizes,  and  cheapness  are  of  greatest  importance.  The 
bulk  of  mining  timbers,  both  in  this  country  and  abi'oad,  are  there- 
fore of  coniferous  wood,  most  commonly  pine,  locally  hemlock,  larch, 
cedar,  etc.,  and  occasionally  hard  woods.  Timber  for  bridges  and 
trestles,  especially  large  structures,  such  as  railway  truss  bridges, 
demands  suitable  form  and  size,  great  stiffness  coupled  with  a  mini- 
mum of  weight,  and  also  an  easy,  even  seasoning,  of  all  the  parts. 
These  timbers  are  rarely  seasoned  when  i)ut  in  i)lace,  and  a  consider- 
able wari)ing  of  any  parts  would  endanger  the  structure.  Accordingly, 
the  conifers — pine,  spruce,  cyjjress,  cedars,  etc. — form  the  principal 
bridge  timbers,  and  hard  woods  are  only  used  in  exceptional  cases. 
Bridge  and  trestle  timber  is  usually  sawed  in  standard  sizes  and  large 
stocks  of  it  are  kept  on  hand  by  most  railways.  In  i^lacing  them  the 
parts  are  bolted  together,  all  framing  by  mortise  and  tenon  is  avoided 
as  much  as  possible,  and  the  tensile  strains  are  largely  intrusted  to 
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iron  rods,  while  shearing  or  splitting  from  the  ends  is  avoided  by 
metal  caps.  In  this  way  a  great  part  of  the  timbers  are  strained 
chiefly  in  endwise  compression,  where  again  the  conifers  excel  when 
the  same  weights  of  wood  are  compared.  As  in  the  case  of  wharf 
timbers,  durability,  though  a  desirable  factor,  is  generally  regarded 
as  of  secondary  importance,  and  abundance  in  proper  sizes  and  form, 
stiffness,  lightness,  and  good  behavior  in  seasoning  determine  the 
choice,  though  very  perishable  woods  like  beech,  maple,  and  hickory 
are  always  excluded. 

In  all  larger  and  more  permanent  work  of  this  kind,  iron  and  steel 
are  rapidly  displacing  wood  as  a  material  of  construction.  These 
metal  structures  are  not  only  more  durable,  but  in  case  of  bridges 
avoid  the  danger  of  fire,  and  being  framed  as  far  as  possible  at  the 
factories  may  be  erected  in  a  remarkably  short  time. 

ROAD   BUILDING. 

For  the  purpose  of  railway  ties  over  400,000,000  cubic  feet  of  young 
and  sound  timber  (mostly  second  growth)  are  annually  required. 
Being  largely  buried  in  the  ground  (ballast),  and  therefore  exposed 
to  the  most  unfavorable  conditions  possible,  most  ties  decay  long 
before  they  are  worn  out,  and  durability,  therefore,  is  the  first  con- 
sideration in  their  selection.  Nevertheless,  especially  on  large  trunk 
lines  with  heavy  traffic,  ties  are  commonly  injured  by  wear,  not  only 
to  an  extent  which  hastens  the  decay,  but  often  to  such  an  extent 
that  the  ties  are  worn  o«at  before  decay  has  become  injurious.  In  all 
such  cases  the  ties  require  a  considerable  degree  of  hardness  and 
toughness,  or  else  must  be  protected  by  metal  "tie  plates."  This 
valuable  combination  of  durability,  hardness,  and  toughness,  together 
with  great  abundance,  oak  timber  alone  possesses,  and  fully  (30  per 
cent  of  all  ties  are  made  of  white  oak  (several  species),  pine,  owing  to 
its  cheapness,  following,  while  the  rest  are  mostly  cedar  (several 
species),  chestnut,  and  hemlock,  the  last  named  being  chosen  only  on 
account  of  its  cheapness.  Railway  ties  are  generally  made  from 
round  timber,  rarely  from  splits,  hewed  on  two  sides  (top  and  bottom), 
more  rarely  sawed  to  size.  On  many  of  the  larger  roads  an  effort  is 
being  made  to  increase  the  life  of  ties  by  impregnation  with  metal 
salts  or  creosote,  and  also  by  i:)rotecting  them  against  severe  wear  by 
means  of  metal  tie  plates.  The  substitution  of  metal  for  wooden  ties, 
so  extensively  practiced  abroad,  has  scarcely  begun  in  this  country. 

Wooden  blocks  for  ijavements  have  been  considerabl}^  experimented 
with,  but  their  introduction  in  this  country  seems  to  progress  very 
slowly.  Both  round  and  scjuared  blocks  are  used;  they  are  made  8 
ti)  10  inches  high,  usually  placed  on  a  special  foundation,  the  spaces 
filled  with  asphalt  and  other  mixtures.  Exposed  to  great  wear  and 
liable  to  rai)id  decay,  the  wood  for  this  purpose  should  be  quite  hard 
and  fairly  durable.     Less  durable  wood,  such  as  beech,  elm,  pine,  etc., 
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is  impregnated.  Wooden  pavement  of  badly  selected  sections  of  sap- 
lings of  cedar  or  cypress,  such  as  exists  in  Chicago  and  other  places, 
is  unsatisfactory  in  every  respect. 

SHIPBUILDING. 

In  shipbuilding,  small  as  this  industry  is  in  this  country  at  present, 
very  largo  (juantities  of  wood  are  consumed.  Of  the  $20,000,000  worth 
of  ships  and  boats  built  in  1890  about  $14,000,000  worth  were  built  of 
wood,  the  rest  of  metal.  Rowboats,  river  ])arges,  and  kindred  vessels 
are  generally  constructed  of  ordinary  coniferous  lumber,  pine,  spruce, 
fir,  and  cedar  prevailing;  in  larger  boats  and  most  seagoing  vessels, 
in  wliich  the  hull  is  almost  a  solid  mass  of  hewed  rib  timbers  covered 
outside  and  inside  with  heavy  planking,  largely  fastened  with  locust 
treenails,  the  rib  frames,  keel,  and  outside  planking  are  made  of 
hard  woods,  preferably  oak,  the  inside  planking  and  decking  of  conif- 
erous woods. 

Since  not  all  immersed  portions  are  subject  to  decay,  such  perish- 
able woods  as  maple  and  birch,  contrary  to  common  belief,  answer  very 
well  for  frame  timbers  and  i^lanking.  Cabins  for  crew  and  passen- 
gers, and  framework  for  mast  and  machinery,  are  usually  built  of 
coniferous  wood,  the  work  resembling  house  carpentry;  masts  and 
other  spars  are  made  of  conifers,  usually  pine. 

As  in  the  case  of  bridge  work,  iron  and  steel  are  rapidly  displacing 
wood  in  naval  construction,  and  by  far  the  greater  part  of  the  better 
seagoing  vessels  are  no  longer  made  by  the  shij)  carpenter,  but  b}^  the 
boilermaker,  and  the  use  of  wood  in  shipbuilding  is  thereby  limited 
to  decking  and  finishing  lumber. 

JOINERY. 

The  joiner's  trade,  including  furniture,  cabinet,  and  box  work,  with 
an  annual  product  of  about  $200,000,000,  ranks  at  present  next  to  car- 
pentry as  a  consumer  of  wood.  As  in  all  other  branches  of  industry, 
a  great  amount  of  specialization  has  taken  place,  and  almost  all  our 
establishments  manufacture  but  one  line  of  goods,  frequently  but  a 
single  article.  Though  great  difference  exists  in  the  work  of  these  dif- 
ferent establishments,  the  extremes  are  connected  In'  numerous  links, 
and  any  classification  is  accordingly  imperfect.  In  the  selection  of 
wood  for  this  industry  we  may  distinguish  between  two  kinds,  the 
more  important  one,  which  must  j^lease  the  eye,  and  the  less  impor- 
tant, in  which  beauty  is  but  a  secondary  consideration. 

In  addition  to  being  handsome  (a  matter  of  taste),  good  furniture 
wood  should  be  fairly  hard  in  order  to  make  a  strong  joint,  prevent 
indentation,  and  assure  a  good  polish  and  wear;  it  should  also  be 
fairly  tough  to  avoid  splitting,  and  for  some  pai'ts  quite  strong  to 
permit  its  use  in  small  dimensions  in  spite  of  hard  usage. 

In  recent  years  fashions  in  woodwork  have  sprung  up;  walnut, 
cherry,  oak,  maple,  birch,  elm,  ash,  gum,  all  have  their  admirers  and 
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are  rivals  for  predominance,  and  at  present  it  may  be  said  that  any  kind 
of  hard  wood  which  is  offered  in  sufficient  quantities  and  proper  sizes 
will  be  acceptable  to  the  furniture  trade.  In  all  better  grades  of  work, 
curly,  bird's-eye,  and  other  figured  woods,  as  well  as  foreign  woods, 
are  extensively  used. 

The  second  class  of  woods  used  in  joinery  is  employed  as  covered 
or  as  body  wood  under  veneer,  as  backs  of  cases,  bottoms  and  sides  of 
drawers,  and  for  ordinary  cheap  chests,  boxes,  and  crates  for  storage 
and  shipping,  of  which  about  $50,000,000  worth  are  used  each  year. 
For  these  purposes  all  the  lighter  hard  woods  as  well  as  conifers  are 
used,  and  they  are  generally  valued  according  to  lightness,  width,  and 
freedom  from  knots.  Most  of  the  joiner's  material  consists  of  sawed 
lumber;  chair  rounds  and  legs,  and  a  large  part  of  the  bent  ware, 
are  often  made  of  sx)lit  stock.  All  material  is  thoroughly  seasoned, 
passing  usually  through  the  drying  kiln  before  it  is  used. 

In  this  kind  of  construction  larger  surfaces  are  paneled,  both  for 
appearance  and  the  better  behavior  of  the  structure.  Veneers,  both 
sawed  and  cut,  are  employed  in  single  layers  on  a  soft-wood  body,  as 
on  large  cabinet  pieces,  both  to  save  costly  woods  and  to  reduce  weight, 
as  well  as  to  guard  against  shrinkage.  They  are  also  used  for  seats, 
etc.,  in  double  and  trijile  layers,  glued  together  and  i^ressed  while 
being  glued  into  the  particular  form  desired.  Most  of  the  wood  is 
planed,  but  large  quantities,  especially  in  chairs  and  table  work,  are 
turned,  and  probably  the  greater  part  of  all  wood  turning,  as  well  as 
much  wood  carving  and  braiding  (rattan  and  wicker  work),  is  done 
in  connection  with  this  trade.  Aside  from  packing  boxes  and  crates, 
the  great  mass  of  this  ware  is  joined  by  gluing;  much  of  it  is  "dove- 
tailed" and  otherwise  framed,  and,  unlike  the  carpenter,  the  joiner 
relies  more  on  the  screw  than  the  nail. 

Attempts  to  substitute  iron  and  steel  in  furniture  work  are  con- 
stantly being  made,  and  iron  bedsteads,  and  iron-framed  seats  for 
schools,  churches,  and  parks  are  quite  extensively  used. 

CAR  AND  WAGON  WORK. 

In  the  manufacture  of  wagons,  carts,  carriages,  and  cars,  we  may 
distinguish  between  those  using  wooden  wheels,  including  all  common 
vehicles,  and  those  using  iron  wheels,  usually  running  on  tracks, 
including  street  and  steam  cars.  The  timber  used  in  this  trade  nuiy 
be  divided  into  two  groups,  that  used  for  wheels  and  axles,  or  the  run- 
ning gear,  and  that  of  the  box  or  body  of  the  vehicle.  The  foi-iner, 
especially  the  wheels  of  ordinary  wagons  and  buggies,  are  exposed  to 
harder  usage  tlian  almost  any  other  kind  of  wooden  structures.  Every 
mile  of  travel  means  thousands  of  jars,  blows,  jerks,  and  jolts  to  the 
wheels  and  to  the  entire  running  gear.  Moreover,  both  hub  and  fel- 
lies must  bear  numerous  large  mortises  to  receive  the  spokes,  and  at 
all  times  the  weight  •of  the  wheels  as  well  as  of  the  whole  vehicle 
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should  be  as  small  as  possible.  For  this  reason  the  wood  used  in  the 
running  gear  must  be  of  the  toughest  and  strongest,  and  hickory,  oak, 
and  elm  are  normally  the  wheelwright's  woods.  In  good  work,  spokes, 
fellies,  axles,  and  shafts  are  made  of  split  stock,  for  which  only  the  butt 
cut  (lower  G  to  20  feet)  of  young  or  second-growth  trees  are  used.  A 
greater  range  for  selection  exists  in  the  case  of  coarser  work  wliere 
larger  sizes  are  employed,  and  here  the  fellies,  tongues,  bolsters,  and 
axles  ai'e  commonly  made  of  sawed  timber. 

In  its  simplest  form,  as  seen  in  the  dray,  cart,  or  lumber  wagon,  the 
body  is  a  mere  platform  to  hold  the  objects  to  be  transported.  In 
the  carriage  and  car  it  becomes  a  house  in  which  the  goods  or  passen- 
gers are  sheltered  as  well  as  conveyed.  In  the  former  case  it  consists 
merely  of  a  few  boards  or  planks,  preferably  of  some  light  wood, 
screwed  or  bolted  to  crosspieces,  together  with  movable  or  fixed  sides 
and  ends  to  prevent  any  material  from  falling  off.  In  the  latter,  it  is 
a  large  box  more  or  less  completely  covered  and  supplied  with  doors, 
to  which  are  added  in  the  passenger  car  numerous  windows  and  ven- 
tilators. Abundance  of  space,  small  weight,  and  great  strength  are 
demanded  of  all  carriage  and  car  bodies,  and  since  the  injurj^  of  the 
jars,  jolts,  and  wrench ings  to  which  these  bodies  are  constantly 
exposed  grows  with  their  weight  and  size,  they  require  careful  con- 
struction and  good  material. 

In  general,  such  a  body  consists  of  a  strong  hard  wood  frame  with 
panels  or  cover  of  thinner  and  usually  lighter  material.  In  carriages 
and  passenger  cars,  particularly  the  lightly  built  street  cars,  where 
these  frames  are  quite  complicated  and  the  dimensions  of  all  but  the 
bottom  timbers  reduced  to  the  smallest  possible  size,  and  where,  more- 
over, mortises  are  cut  into  almost  every  timber,  only  the  tougher  hard 
woods  answer  the  purpose.  Where  timber  is  used  in  larger  dimensions 
and  the  construction  is  simplified,  as  in  freight  cars,  considerable  hard 
pine  is  used. 

Oak,  especially  white  oak,  and  ash  are  the  favorite  timbers  for 
framework;  the  cheap  and  thick  covering  is  made  of  pine,  panels  and 
finishing  work  of  yellow  i:)oplar,  basswood,  sometimes  true  poplar,  also 
of  ash,  oak,  cherry,  walnut,  mahogany,  etc.,  either  solid  or  in  veneer. 
In  this  finishing  work,  taste  and  expense,  even  more  than  fitness, 
determine  the  choice  of  material,  and  the  methods  employed  are  those 
of  the  cabinetmaker.  The  wood  for  bodies  is  universall}^  bought  in 
the  form  of  lumber  or  sawed  timber,  and  its  treatment  is  the  same  as 
in  furniture  work. 

The  amount  of  timber  used  in  wagon  and  car  work  is  very  great.  In 
1800  the  value  of  the  total  output  of  this  trade  was  about  $340,000,000, 
of  which  1205,000,000  fell  to  the  manufacture  of  steam  and  street  cars. 

COOPERAGE. 

Cooperage  ware  may  be  divided  into  tight  packages,  capable  of 
holding  liquids,  and  "slack"  ware,  intended  for  dry  substances,  such 
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as  flour,  cement,  and  lime.  All  cooperage  ware  is  made  in  two  dis- 
tinct forms,  the  barrel-shaped,  where  the  stave  is  bent  longitudinally 
and  cupped  transversely^  and  the  tub-shaped,  where  it  is  straight 
longitudinally  and  only  cupped  transversely. 

In  addition  to  resisting  great  mechanical  stresses  and  rough  usage, 
barrels  containing  costly  liquors  should  impart  no  taste  nor  allow  the 
liquid  to  ooze  out,  and  thus  be  lost.  Barrels  being  stored  often  for 
years  in  damp  cellars,  the  material  should  also  possess  considerable 
durability  and  be  insect  proof.  Of  all  common  woods,  white  oak  (sev- 
eral species)  alone  fulfills  these  requirements,  and  it  is  therefore  the 
only  material  of  which  at  present  first-class  wine  and  liquor  casks  are 
made.  For  inferior  grades  intended  for  oil,  sirup,  etc.,  other  hard 
woods,  such  as  red  oak,  maple,  elm,  ash,  beech,  and  chestnut,  are  also 
used.  Tanks,  tubs,  pails,  churns,  and  other  "straight-stave"  ware, 
receiving  much  less  hard  treatment,  are  commonly  made  of  coniferous 
wood — pine,  spruce,  cypress,  and  especially  cedar.  Slack  barrels  are 
made  of  almost  every  kind  of  wood  offered  in  proper  sizes,  though 
here  again  the  hard  woods  are  preferred  where  great  weight  and  hard 
treatment  endanger  the  structure. 

White-oak  stock  is  usually  split  in  the  woods,  ordinary  stock  and  all 
slack-barrel  stuff  are  sawed  on  special  machines  which  imitate  the 
splitting.  For  this  purpose  the  wood  is  commonlj^  bought  by  the  cord 
in  bolts  of  prescribed  length,  the  staves  and  heads  packed  and  shipped 
in  sets,  or  else  set  up  and  sold  as  finished  barrels. 

Though  wooden  hoops  are  largely  displaced  by  iron,  much  cooper's 
ware  is  still  bound  in  hoops  of  ash,  elm,  chestnut,  willow,  and  hickory. 
An  output  of  138,000,000  worth  of  ware  for  the  year  1890  fully  illus- 
trates the  importance  of  the  cooper  as  a  wood  consumer. 

FARM   AND   HOUSEHOLD  MACHINERY   AND   IMPLEMENTS. 

Though  almost  every  article  enumerated  under  this  group  is  made 
by  a  separate  special  factory,  it  is,  for  the  purpose  in  hand,  conven- 
ient to  group  them  under  a  common  head  according  to  their  use. 
Here  belong  thrashing  machines,  fanning  mills  and  windmills,  har- 
vesters and  other  reaping  machinery,  cultivators,  plows,  harrows,  all 
kinds  of  dairy  apparatus,  washing  machines  and  clothes  wringers, 
ladders,  and  pumps;  then  also  the  smaller  implements — hand  rakes 
and  forks,  snow  shovels,  etc. 

Most  of  these  articles  are  subjected  in  their  ordinary  use  to  shaking, 
jarring,  jolting,  and  wrenching,  and  while  this  amounts  to  little  more 
than  a  strong  vibrating  motion  in  a  fanning  mill,  it  ec^uals,  in  the  case 
of  plows,  cultivators,  or  reaping  nuichiuery,  the  trying  stresses  borne 
by  a  wagon  or  cart. 

In  general,  it  may  bo  said  that  all  kinds  of  woods  are  used  in  the 
manufacture  of  these  implements,  by  far  the  greater  part  being 
hard  wood,  and  their  selection  depending  solely  on  the  mechanical 
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stresses  to  be  met.  Where  these  stresses  are  very  great,  as  in  plow 
beams  or  cultivator  frames,  and  where,  moreover,  the  timbers  are 
extensively  bored  and  moi'tised,  only  the  strongest  woods — hickorj% 
oak,  ash,  and  elm — meet  the  requirements.  Larger  machinery  with 
extensive  surfaces,  such  as  thrashing  machines,  are  built  with  a  hard- 
wood frame,  made  usually  of  ash  or  oak  filled  or  covered  with  some 
lighter  hard  wood,  such  as  basswood  or  poplar. 

In  the  smaller  implements  the  mechanical  requirements  are  often 
very  great;  thus  nothing  but  tough  hickory  makes  a  good  ax  or  pitch- 
fork handle.  Where  these  stresses  are  less,  ash,  maple,  elm,  beech, 
and  birch  are  permissible,  and  in  such  cases  as  broom  handles  even 
basswood  and  poplar.  In  almost  all  cases  the  conifers  are  excluded  on 
account  of  their  tendency  to  splinter  and  shatter  for  want  of  toughness. 
Most  of  the  wood  of  these  articles  is  bought  as  ordinary  lumber,  con- 
siderable quantities,  especially  of  late  years,  being  sawed  at  the  saw- 
mills for  the  particular  purpose  intended,  and  but  little  made  from 
split  stock.  The  industries  here  enumerated  turned  out  in  1890  nearly 
$100,000,000  worth  of  product,  of  which  perhaps  one-fifth  was  for  wood- 
work proper.  Substitution  of  iron  for  wood  and  wood  for  iron  is 
constantly  going  on  in  these  industries  as  experience  modifies  the 
views  of  both  consumer  and  maker. 

WOODENWARE. 

Under  .woodenware  may  be  grouped  the  numerous  articles  made 
by  the  turner,  the  carver,  and  the  split  ware  industries  independent 
of  the  large  manufactures  previously  mentioned.  Thus,  the  turner, 
in  addition  to  his  work  in  the  joiner's  shop  and  car  factory,  supplies 
spools,  bobbins,  and  shuttles  to  the  textile  industries;  handles  for 
chisel,  hammer,  and  file;  shoe  lasts  and  other  form  blocks;  wooden 
shoes,  artificial  limbs,  crutches,  gunstocks,  butter  and  other  molds, 
and  "a  host  of  other  articles. 

A  good  chisel  handle  should  wear  smooth,  be  hard  to  hold  the  tool, 
and  be  tough  to  resist  splitting.  Similarlj^  a  shoe  last  must  be  firm 
and  smooth  and  not  easily  split  or  shattered  by  hammering;  a  faucet 
should  not  leak,  and  an  Indian  club  or  billiard  cue  should  be  firm, 
strong,  and  stiff,  as  well  as  of  good  appearance. 

Of  our  woods,  cherry,  pear,  apple,  hawthorn,  dogwood,  persimmon, 
and  walnut  for  finer  wares;  maple,  birch,  beech,  blue  beech,  and  iron- 
wood  for  less  decorative  wares,  and  basswood,  poplar,  willow,  red 
cedar,  with  occasional  use  of  spruce,  pine,  etc.,  for  light  goods,  form 
the  common  material;  but  there  is  no  wood  possessing  sufficient  hard- 
ness and  a  fair  texture  which  could  not  well  be  employed  in  this  trade. 
Turner's  stock  is  both  split  and  sawed  to  size,  and  great  care  is  exer- 
cised in  its  seas(ming. 

Carving,  in  this  country,  is  almost  limited  to  the  decoration  of  the 
products  of  the  joiner,  the  car  builder,  and  the  shipbuilder;  and  many 
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of  the  articles  formerly  made  by  the  carver,  such  as  bowls,  scoops,, 
trays,  shoe  lasts,  clothespins,  etc.,  are  now  made  by  the  turner. 
Carvers'  material  must  have  several  distinct  qualities.  It  must  be 
sufficiently  hard,  strong,  tough,  and  fine  in  texture  to  receive  the 
details  of  form  without  breaking  or  splitting;  its  color  and  texture 
must  be  such  that  these  details  are  clearly  shown  and  the  picture 
not  marred  by  obtrusive  peculiarities  of  color  or  structure  of  wood; 
and,  lastly,  it  must  also  be  hard  enough  to  preserve  the  details  under 
ordinary  use.  From  this  it  is  clear  that  the  selection  depends  largely 
on  the  nature  of  the  carving.  In  rough,  cheap  articles,  with  no  fine  de- 
tails, any  wood  is  good  enough,  and  usually  the  softer  kinds,  like  bass- 
wood,  poplar,  and  even  spruce,  are  used.  Heavy  ornaments  like 
large  bas-relief  figures  in  church  paneling  are  usually  made  in  oak, 
in  spite  of  its  coarse  texture.  For  small  articles  with  minute  details 
only  hard,  even-colored,  and  fine,  even-textured  woods  like  cherry, 
apple,  dogwood,  etc.,  can  be  used.  The  wood  for  these  purposes  is 
usually  split  from  the  log,  requires  perfect  seasoning,  and  all  larger- 
sized  objects  should  be  made  of  several  pieces. 

Wooden  type  for  the  printing  of  show  bills,  etc.,  also  a  kind  of  carv- 
ing, requires  a  hard  wood  of  even  texture,  and  sugar  maple  is  usually 
employed,  though  such  woods  as  birch,  holly,  etc.,  would  do  equally 
well. 

For  the  purpose  of  fine  w^ood  engraving  none  of  our  native  woods 
seem  to  be  sufficiently  fine  in  texture,  and  foreign  wood,  chiefly  box- 
wood, is  used. 

Split  and  veneer  ware  include  the  finer  grades  of  wicker  ware,  made 
of  split  and  planed  willow  rods,  split  baskets,  woven  ware  for  window 
shades,  curtains,  hats,  etc.,  sieves,  dry  measures,  matches,  toothpicks, 
pegs,  excelsior,  also  veneer  boxes,  plates,  baskets,  and  crates. 

Lightness,  cheapness,  and  toughness  usually  decide  the  choice  of 
material  for  these  purposes,  and  though  the  easy  splitting  spruce  und 
pine  are  worked  up  into  splint  baskets  the  result  is  never  as  satisfac- 
tory as  if  hard  woods  are  employed.  Poplar  (both  true  poplar  and 
tulip)  and  basswoods  are  the  best  of  woods  for  this  use,  but  where 
power  and  logs  are  cheap,  gum,  maple,  birch,  beech,  and  otlier  fairly 
even-textured  woods  are  cut,  and  the  product  is  naturally  superior  in 
strength  and  wear.  In  these  industries  the  wood  is  split  or  cut  into 
veneer  and  strands  while  fresh,  worked  up  at  once,  or  di'ied  and  then 
usually  remoistened  when  woven  or  put  in  shape.  Any  solid  bottoms 
of  crates  and  boxes  are  made  of  light  pine  and  spruce  lumber. 

In  pianos  and  organs  the  outer  covering  is  made  of  fancy  woods,  for- 
eign or  native,  solid  or  more  commonly  in  veneer;  frame  and  action  of 
hard  wood,  particularly  ash  and  maple,  the  latter  being  prc^ferred  for 
piano  actions.  Larger  surfa(*es  and  vcMieer-covered  body  wood  are 
pine,  spruce,  or  other  conifer,  while  the  sounding-boards  are  almost 
exclusively  spruce. 
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Ainoii.ii^  tho  iniscellan(M)iis  coiismiK^rs  (>f  wood,  using  relatively  large 
quantities,  may  be  mentioned  the  toN^  man,  with  his  world  in  miniature. 
In  this  work,  lightness  and  ease  of  shaping,  coupled  to  as  much  tough- 
ness as  possible,  determine  the  preference  for  the  lightei-  liai'd  woods 
and  particularly  basswood  and  poplar,  bitt  spruce  also  and  pine  are 
extensively  employed.  Occasionally,  however,  the  severe  wear  of  the 
toys  forbids  the  use  of  any  l)ut  the  toughest  woods,  and  then  hickory, 
oak,  and  ash  are  used,  and  in  general  in  this  line,  as  in  th<^  manufac- 
ture of  implements,  th(^  woods  are  chosen  to  meet  the  expected 
mechanical  stresses,  only  that  toys  should  be  as  light  as  possible  and 
are  more  easily  pardoned  for  breaking. 

MACHINE   BUILDING. 

Though  wood  has  been  almost  entirely  displaced  in  large  machin- 
ery and  the  ancient  trade  of  millwright  has  become  a  mere  tradition, 
yet  large  quantities  of  wood  still  enter  here  and  there  in  tactory  equip- 
ments, and  it  is  noteworthy  that  wood  is  returning  in  many  places 
where  its  displacement  seemed  a  settled  matter.  Thus,  wooden  cogs 
for  heavy  gearing  and  wooden  belt  j^ulleys,  besides  other  parts,  are 
fast  gaining  favor.  Where  wood  is  used  in  framing,  funnels,  chutes, 
carriers,  elevators,  etc.,  the  general  principles  laid  down  for  kindred 
structures  hold;  where  the  frame  is  large  and  stationary  hard  and 
soft  pine  or  other  conifers  serve  well;  if  small,  and  especially  if  sub- 
ject to  much  motion,  shaking,  etc.,  hard  woods — oak,  ash,  and  elm — are 
preferable.  Panels  and  surfaces  generall}^  are  made  of  conifers,  if 
fixed;  of  hard  woods,  if  there  is  much  danger  of  shattering  by  rapid  or 
violent  movements. 

WOOD   PULP  AND  PRODUCTS   OF   DISTILLATION. 

In  the  arts  where  the  wood  is  not  used  as  a  solid,  but  its  structure 
is  destroyed,  three  processes  may  be  distinguished: 

1.  The  manufacture  of  pulp,  by  grinding  the  wood  into  small  frag- 
ments, to  be  pressed  together  into  sheets  and  used  in  the  manufacture 
of  paper,  etc.  It  is  desirable  for  this  purpose  that  the  wood  have  a 
light  color  to  avoid  extra  cost  in  bleaching,  and  a  long  fiber  to  facili- 
tate the  felting  and  to  give  greater  strength  to  the  product.  Spruce 
and  poplar  (several  species)  have  generally  been  jn-eferred,  thougli 
pine,  tamarack,  fir,  buckeye,  and  maple  have  also  been  used.  In  this 
process  the  chemical  substances  of  the  wood  are  not  changed;  its 
physical  structure  alone  is  altered. 

2.  In  the  manufacture  of  "chemical"  pnlp,  where  the  wood  is 
macerated  by  the  use  of  acids  or  alkalies,  its  structure  is  not  only 
destroyed,  but  also  its  chemical  composition,  a  part  of  the  substance 
being  dissolved  out  and  thus  lost.  The  range  of  choice  of  material 
for  this  process  is  very  much  greater  than  in  the  preceding,  there 
being  no  wood  from  which  cellulose  may  not  be  obtained,  though 
in  practice  woods  containing  much  dark  coloring  matter  or  large 
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quantities  of  resin  have  so  far  been  generally  excluded.  In  addition 
to  the  woods  mentioned  for  ground  pulp,  basswood,  gum,  cypress,  and 
hemlock  have  been  tried. 

3.  An  entire  chemical  change  is  brought  about  in  the  "  destructive  " 
or  "dry"  distillation  of  ^vood.  Here  the  wood  is  heated  and  made 
to  undergo  various  combinations.  More  than  half  its  substance  is 
changed  into  a  gaseous  form,  large  parts  of  which  are  condensed  into 
wood  vinegar,  wood  alcohol,  tar,  etc.,  by  cooling,  while  only  about 
one-fourth  is  left  behind  as  charcoal,  retaining  the  structural  form 
without  its  mechanical  qualities,  and  radically  changed  in  its  chem- 
ical composition.  For  this  purpose  any  and  all  woods  can  be  used,  and 
since  the  size  of  the  wood  affects  nothing  but  the  size  and  shape  of  the 
charcoal,  small  pieces  (refuse,  sawdust,  etc.)  are  just  as  applicable  as 
the  best  of  log-size  material.  The  products  of  this  industr}^  are  such 
that  enormous  quantities  can  be  used  and  their  consumption  can 
readilj"  be  stimulated  by  increased  production. 

PECULIARITIES   OF   OUR  WOOD   MARKET. 

From  the  foregoing  statements  it  may  seem  as  if  nearl}^  all  our  uses 
of  wood  were  satisfied  bj^  about  a  dozen  kinds;  that  some  of  them,  like 
oak,  are  '*  used  for  everything,"  and  that  the  matter  of  selection  is  quite 
simple,  the  properties  of  these  few  kinds  having  been  well  known  for 
indefinite  time.  This,  however,  is  not  the  case,  for  it  is  our  ignorance 
as  to  the  relative  merits,  in  strength  and  behavior,  of  the  half  dozen 
cedars,  twent}^  or  more  pines,  and  equally  numerous  oaks  growing  in 
this  country  which  causes  their  being  here  lumped  together,  compels 
the  manufacturer  and  dealer  in  lumber  to  wrestle  with  the  prejudices 
of  his  customers,  and  obliges  these,  in  turn,  to  experiment  and  try 
each  kind  and  case.  It  is  this  ignorance  which,  especially  in  the 
past,  has  been  such  a  great  obstacle  to  the  introduction  into  the  mar- 
ket of  any  new  species  or  the  more  extended  use  of  the  well-known 
kinds,  and  has  led  to  the  exclusion  of  wood  from  many  i)arts  of  its 
legitimate  domain. 

The  market  price  of  any  kind  of  lumber  depends  at  present  only  to 
a  small  extent  on  the  excellence  of  the  wood  in  the  qualities  inherent 
in  it;  it  is  governed  chiefljr  by  its  range  of  applicability  and  other 
external  circumstances.  Among  the  latter  are  Cvspecially  prominent 
the  extent  and  cliaracter  of  the  trade  calling  for  the  pai'ticular  kind 
of  wood,  and  the  regularity  and  extent  of  the  supply.  Thus,  white 
pine  is  used  in  such  vast  quantities,  especially  by  carpenters,  that  wo 
have  in  tliis  country  the  reverse  of  the  Old  World  conditions,  and  see 
the  choicest  hard  woods  go  begging.  In  addition  to  this  use  in  large 
quantities,  white  pine  can  be  employed  for  so  many  special  purposes 
tliat  thousands  of  costly  machines  are  constructed  for  its  preparation, 
thus  naturally  augmenting  its  us<'. 
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The  absence  of  suflfieient  wood  industries  near  the  woods  and  the 
consequent  loui;  haul  to  markets  cause  some  very  stranji^e  price  lists. 
The  following  is  an  example,  as  taken  from  a  journal: 

Prices  at  Chicago,  1890. 


Variety. 


Cheap  woods : 

Sugar  maple 

Sott  maple 

Bjiss  w  ood 

Rock  elm 

Soft  olm 

Sycamore  

Black  ash 

Valuable  woods : 

White  ash 

Gum  (sweet  or  red  gum). 

Birch 

Poplar  (yellow) 

Chestnut  and  butternut . . 

Red  oak 

White  oak 

Hickory 

Costly  woods : 

Cherry. 

Walnut 

White  pine 


Prices  per  1,000  feet,  B.  M. 


Piisis. 

Seconds. 

Dollars. 

Dollan 

. 

17 

15 

16 

15 

18 

16 

16 

13 

18 

16 

15 

14 

20 

18 

26 

24 

25 

21 

an 

21 

27 

25 

28 

25 

27 

25 

36 

25 

28 

26 

70 

65 

70 

65 
46 

We  have  here  the  Inferior  chestnut  ranking  with  and  above  white 
oak,  red  oak  equal  and  superior  to  white  oak,  and  such  an  excellent 
material  as  rock  elm  at  the  very  bottom  of  all. 

In  general,  it  appears  that  the  prices  of  hard  woods  are  fairly  inde- 
pendent of  those  of  conifers,  and  that  among  the  heavier  hard  woods 
oak  determines  the  rating. 

UTILIZING  THE  TIMBER. 

What  should  be  done  with  a  large  tract  of  marketable  timber  de- 
pends so  largely  on  circumstances,  such  as  the  nature  of  the  wood, 
facilities  for  logging,  distance  to  and  character  of  market,  that  it  is 
impossible  to  give  any  directions  of  general  applicability.  The  impor- 
tance of  reducing  everything  to  the  smallest  i)ossible  weight,  to  save 
handling  and  freight,  and  also  to  increase  the  value  of  the  product 
by  careful  selection  and  the  greatest  admissible  degree  of  finish,  is 
generally  recognized,  and  the  shingle  and  lath  mill,  as  well  as  the 
planer  and  molding  machine,  have  followed  the  sawmill  to  the  woods. 

While  it  is  thus  quite  difficult  to  advise,  a  few  suggestions  as  to  the 
possibilities  of  timber  exploitation  may  prove  acceptable  to  owners 
of  small  tracts  of  timber  land,  and  the  following  is  intended  chiefly 
to  apply  to  small  bodies  of  mixed  hard  woods,  such  as  are  abundant 
in  the  eastern  part  of  the  country. 

Usually  it  is  desirable  to  have  some  definite  idea  as  to  the  quantity 
of  timber  standing  on  the  particular  tract  of  land.  In  most  cases, 
especially  if  the  timber  is  of  large  size,  it  is  best  to  make  a  complete 
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inventory,  excluding,  of  course,  all  young  and  useless  trees.  For  this 
purpose  the  trees  are  counted,  the  different  kinds  of  oak,  ash,  etc., 
being  kept  separate,  and  for  each  tree  the  following  dimensions  noted : 

Diameter  (inches)  breast  high,  measured. 
Diameter  at  top  of  saw-size  timber,  estimated. 
Total  height  of  tree  (in  feet),  estimated. 
Length  of  saw  timber,  estimated. 

From  the  figures  thus  ascertained,  the  volume  of  the  saw  timber  is 
obtained  by  taking  one-half  the  sum  of  the  upper  and  lower  diameters, 
squaring,  multiplying  by  the  length  of  the  timber  (taken  in  feet),  and 
dividing  by  10,^  the  result  being  the  amount  of  lumber  wood  in  board 
feet.  Of  this  about  one-half  must  be  deducted  in  ordinarj^  hard  woods 
for  bark,  slab,  saw  waste,  crooks,  and  other  defects. 

The  approximate  total  volume  of  each  tree  may  be  estimated  by 
multiplying  the  area  of  the  cross  section  (breast  high,  taken  in  inches), 
with  half  the  total  height  of  the  tree  taken  in  feet,  and  dividing  by 
144,  the  result  being  in  cubic  feet.  ^ 

Converted  into  cord  wood,  it  requires  75  to  100  cubic  feet  of  this 
solid  measure  to  make  a  cord,  or  128  cubic  feet  in  the  pile.  In 
thickets  of  pole  wood  the  amount  of  cord  wood  is  often  best  estimated 
by  counting  the  trees  on  a  given  area  and  noting  how  many  4-foot 
pieces  an  average  tree  will  make,  keeping  in  mind  that  it  takes  about 
175  large-sized  pieces,  200  medium  or  mixed,  or  else  about  225  to  250 
smaller  pieces  to  make  a  cord. 

Where  considerable  tie  timber  stands,  the  trees  are  best  kept  sepa- 
rate, noting  for  each  how  many  ties  it  will  furnish.  Generally,  trees 
under  12  inches  in  diameter  are  best  left  standing,  unless  they  have 
special  value  for  Avagon  or  turner's  stock,  or  else  may  be  used  for 
pulp.  Special  sizes  or  special  kinds,  such  as  walnut,  cherry,  yellow 
poplar,  may  often  be  sold  in  the  log  either  to  special  manufacturers  or 
else  for  export.  Generallj^,  this  is  not  profitable.  The  bulky  logs  cost 
much  to  handle,  and  the  buyer  will  deduct  all  wastage  to  the  disad- 
vantage of  the  timber  owner. 

In  nearly  all  cases  a  sawmill  of  some  kind  is  indispensable.  This 
need  not  always  be  large;  sometimes  a  portable  mill  worth  $1,500  to 
!i>2,000  answers  veiy  well,  and  in  some  cases  an  arrangement  may  be 
made  with  a  conveniently  located  neighborhood  mill,  although  this 
commonly  divides  the  interests  to  a  troublesome  degree. 

The  logging  is  usually  best  done  in  late  fall  and  winter;  labor  is 
then  more  abundant,  transt)ortation  locally  facilitated  by  snow,  and 


'  More  correctly,  take  half  the  sutn  of  npper  and  lower  cross  sections,  multiply 
by  length,  and  divide  by  12.  This  calculation  can  be  much  simplified  by  the  use 
of  tables  of  circles,  and  still  more  by  the  use  of  such  books  as  Scribner's  Log  Book. 

"  The  i)rocoss  need  not  be  repeated  for  ea(^h  tree.  Thus,  if  lU)  trees  have  about  the 
sann  general  iK^ight,  the  sum  of  th(ur  cross  sections  is  used  to  multiply  into  the 
length,  etc.,  and  the  work  can  easily  be  much  shortened. 
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tlie  danger  from  fungi,  causing  discoloration  and  decay,  as  well  as 
from  boring  insects,  is  at  a  mini  mum.  Where  this  is  not  practicable, 
or  wliei-e  tlie  ])ark  is  to  be  utilized,  as  in  oak,  all  timber  (cut  in  sirring 
and  summer)  should  be  worked  up  as  fast  as  cut,  and  any  logs  not  at 
once  sawed  or  split  should  be  peeled,  raised  off  Uw  ground,  and  their 
ends  painted.  The  particular  product  to  be  sawed  depends  on  many 
circumstances.  Along  railways  oak  timbers  are  usually  salable  as 
sawed  bridge  and  switch  timber,  car  sills,  etc.,  and  timber  of  this  kind 
deserves  special  attention,  since  it  involves  less  labor  in  conversion 
and  leaves  little  waste.  All  larger  timber,  especially  of  beech,  birch, 
maple,  chestnut,  etc.,  may  be  cut  into  lumber,  care  being  had  to  saw 
according  to  the  (xuality  of  the  log,  for  it  is  wasteful  to  saw  a  good  log 
in  a  careless  manner.  Where  sawed  axles,  bolsters,  tongues,  and 
other  wagon  stock  are  in  good  demand,  these  may  l)e  made,  and  rarely, 
in  good  timber,  does  careful  quartersaw  ing  fail  to  pay  for  the  extra 
labor  involved.  Whether  the  lumber  is  to  be  1-inch  or  2-inch  stuff 
depends  on  the  nature  of  the  market  and  the  wood,  and  a  careful 
in(iuiry  into  what  the  dealer  or  consumer  wants  is  in  all  cases  of  the 
utmost  importance.  The  butt  cuts  of  hickory,  ash,  elm,  oak,  and 
locust  usually  l)i'ing  special  prices  as  wagon  and  carriage  wood,  and 
therefore  should  be  worked  up  into  spokes  and  fellies,  and  otherwise 
shaped  to  suit  the  particular  case.  Where  the  market  warrants,  white 
oak  may  be  split  into  cooperage  stock,  hickory  into  chair  rounds  and 
handles,  birch  sawed  for  spool  wood,  maple  for  all  kinds  of  turner's 
materials,  walnut  for  gunmakers,  and  much  light  wood  is  i)rofitably 
converted  into  "shooks"  or  small  boards,  usually  cut  five-eighths  of 
an  inch  thick,  for  barrels  and  boxes. 

Many  of  the  smaller  woods,  such  as  dogwood,  hawthorn,  and  others, 
may  be  sold  to  the  turner  and  cabinetmaker,  and  at  all  times  burls, 
curly,  birds-eye,  and  other  specially  valuable  forms  should  receive 
attention.  Smaller  timber  is  preferably  woi-ked  u^)  into  railway  ties, 
for  which  only  the  more  durable  oak,  chestnut,  and  locust  are  suited. 
Long,  straight  trees,  especially  of  chestnut,  are  always  in  demand  for 
telegiaph  and  telephone  poles,  which,  however,  cause  considerable 
trouble  in  handling  and  transportation.  Tops  and  other  refuse  should 
be  cut  into  cord  wood,  even  if  little  more  than  expense  is  safely  cov- 
ered, for  even  in  this  case  it  furnishes  employment  and  removes  rub- 
bish, which  is  always  a  nuisance  and  freciuently  a  danger  to  the  young 
growth,  which  should  be  left  standing.  Effort  should  be  made  to  utilize 
all  kinds  of  trees  and  all  parts  of  every  .tree.  Generally,  it  is  easier 
and  safer  to  convert  trees  into  lumber  only,  since  this  is  always  sala- 
ble, the  largest  trades  all  using  wood  in  this  form,  but  it  is  often  more 
profitable  to  attend  to  the  wants  of  other  consumers  and  prepare 
wood  for  special  uses,  and  even  where  this  is  not  the  case  it  may  pro- 
mote a  more  perfect  utilization  of  all  the  material.  In  this  conuectiou 
12  aOG 27 
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attention  may  be  called  to  one  of  the  common  mistakes  made  by  small 
concerns.  It  consists  in  neglecting  both  proper  selection  and  care. 
The  good  should  always  be  kept  with  the  good,  for  it  does  not  pay  to 
sell  the  good  with  the  bad,  and  in  no  case  is  it  profitable  or  even 
excusable  to  spoil  good  lumber  by  bad  piling,  as  is  often  done  on 
unsuitable,  damp  ground,  with  no  care  as  to  ventilation  or  cover. 
A  fair  profit  may  easily  be  converted  into  a  serious  loss  by  neglecting 
to  care  for  the  board  after  it  is  made. 

In  oak  timber  the  bark  will  usually  prove  a  valuable  source  of 
revenue  as  tan  bark.  It  should  be  peeled  off  in  the  spring  and  care- 
fully dried,  preferably  under  cover,  since  it  molds  if  damp  and  is  also 
injured  by  rain. 

An  illustration  of  what  may  be  done  by  careful,  systematic  man- 
agement is  shown  in  the  following  particularly  interesting  case  of 
timber  exploitation,  in  no  feature  imaginary  or  theoretical,  but  actu- 
ally carried  out  a  few  j^ears  ago : 

Forty-three  acres  of  well-stocked,  rough  timber  land  in  eastern 
Pennsylvania  were  bought  for  15,800,  together  with  48  acres  of 
improved  farm  land,  for  which  $2,500  additional  was  paid.  A  porta- 
ble second-hand  mill  was  purchased  for  11,000;  mill  shed  and  shanties 
were  erected,  and  this  outlay,  together  with  all  the  w^ages  (nearly 
$4,000)  and  cost  of  hauling,  railway  and  canal  freights  (little 
over  $4,000),  brought  up  the  total  outlay,  land  included,  to  $18,855. 
As  the  mill  was  at  once  set  in  operation,  some  income  was  derived 
from  the  first,  thus  obviating  the  necessity  of  considering  the  interest 
on  the  several  expense  accounts. 

The  following  represents  the  cut  from  these  43  acres  made  in  just 
two  years,  with  only  the  partial  personal  attention  of  the  owner  and 
without  the  employment  of  a  special  superintendent: 

Amount  and  value  of  articles  and  lumber  sold. 
Miscellaneous:  Sold  for. 

Ill  tons  of  oak  bark $1,224 

801  cords  of  firewood 2, 640 

190  tele^-aph  poles 500 

16,800  hickory  spokes  _ 388 

(i6,000  feet  slabs  (running  measure) ,  used  largely  in  mines 333 

For  custom  sawing 130 

Sawdust 7 

Total 5,222 

Luml)er  (board  measure): 

Hi(;k(jry  butts  (bought  by  paper  mill  for  cogs) .feet. .  9, 680 

Birch,  sycamore,  and  second-cut  hickory  (sold  to  toy  con- 
cern)  feet  .  11,822 

Ash     -  - do.  -  957 

Walnut do...  3,414 

Yellow  pop'ar do...  12,941 

Gum ...do...  1,386 
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Amount  and  value  of  articles  and  lumber  sold — Continued. 

Lumber  (board  measure)— Continued.              ,  Sold  for. 

Maple - feet..  1,042 

Chestnut do...  34,719 

Oak  ...; do  .-  162,552 

Total 238,513  $6,522 

Railroad  ties number.        9,345    5,282 

Switcli  tiinl>er linear  measure. .      6, 217        821 

Other  materials 654 

Total 18,501 

Place  and  mill  were  tlien  sold,  the  former  at  $4,623,  the  latter  at  $1,000, 

niakinj?  a  total  of 24, 124 

Against  an  expense  of 18, 855 

Leaving  a  profit  of 5, 269 

Here  was  a  tract  of  43  acres  of  timber  with  a  yield  of  less  than 
10,000  feet,  B.  M.,per  acre  as  ordinarily  estimated;  a  stumijage  of 
about  $5  per  1,000  feet,  and  a  profit  of  over  $100  per  acre.  While  it  is 
not  possible  to  repeat  this  everywhere,  it  goes  far  to  explain  why  good 
hard  wood  timber  in  eastern  Pennsylvania  and  New  Jersey  sells  at 
1100  to  $150  per  acre  when  farm  land  does  not  bring  one-half  as  much, 
while  only  30  years  ago  the  case  was  exactly  the  reverse  and  the  farms 
were  rated  b}^  the  amount  of  "cleared"  land.  It  also  shows  how,  at 
least  in  a  large  part  of  the  eastern  United  States,  woods  may  be 
exploited  in  a  careful  instead  of  a  wasteful  manner,  and  how  many  a 
small  holder,  who  can  give  the  matter  his  personal  attention  and  do 
much  of  the  work  at  odd  times,  may  make  his  wood  lot  a  source  of 
revenue. 

In  this  case  the  object  of  the  purchasers  was  simply  to  take  from 
the  ground  and  i^ut  into  their  pockets  the  money  value  which  had 
been  accumulating  in  the  wood  for  centuries;  and  this  they  did  with- 
out i-egard  to  what  became  of  the  ground  after  the  crop  was  harvested. 
It  was  a  speculation. 

The  farmer  who  owns  his  property  not  as  a  speculation  but  as  an 
investment  should  go  to  work  very  differently  in  exploiting  his  wood 
lot.  He  should  first  determine  whether  his  wood  lot  stands,  as  it 
should,  on  the  poorer  portion  of  the  farm — the  portion  least  fitted  for 
agricultural  purposes  by  reason  of  its  rock}^  condition.  Its  poor  or  thin 
soil,  the  steepness  of  its  sloj)e,  or  its  location  on  a  slope  or  hilltop 
where  it  helps  to  regulate  the  waterflow  and  prevent  the  washing  of 
soil,  etc.  If  it  is  so  situated,  and  if  therefore  it  is  proper  policy  to 
keep  the  ground  for  forest  crops — the  only  crops  which  can  be  profit- 
able in  such  situation — then  the  cutting  of  the  mature  virgin  timber 
should  proceed  in  such  a  manner  as  to  secure  a  desirable  reproduc- 
tion of  the  same,  so  that  when  the  old  crop  is  harvested  a  young  crop 
is  taking  its  place. 
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Kow  lliis  may  be  done  merely  by  the  judicious  use  of  the  ax  in 
harvesting  the  old  crop  may  be  learned  from  the  Department  Year- 
book for  1894,  in  tlie  article  on  "Forestry  for  farmers,"  where  the  gen- 
eral i)rinciples  are  described,  by  the  application. of  which  such  natural 
reproduction  of  the  virgin  growth  may  be  secured.  This  would 
require  a  more  gradual  removal  of  the  old  crop,  and  all  the  cutting 
would  have  to  be  done  with  special  regard  to  the  needs  of  the  young 
crop;  in  consequence  the  entire  manipulation  of  the  harvest,  the 
disposal  of  material,  and  the  financial  arrangements  would  have  to  be 
modified,  but  the  result  can  undoubtedly  be  made  as  satisfactory  from 
a  money  point  of  view. 

When  the  wood  lot  occupies  desirable  agricultural  soils,  the  proper 
policy  is  to  remove  it,  turn  it  into  cash,  and  devote  at  least  a  portion 
of  the  proceeds  to  reforesting  such  waste  portions  of  the  farm  as  may 
be  found  on  it,  api^lying  the  principles  outlined  in  the  preceding 
article,  "Tree  planting  in  waste  places  on  the  farm." 

It  may  be  added  that  the  study  of  how  to  use  to  best  advantage 
all  the  material  which  grows  in  the  forest,  including  the  inferior  kinds 
and  inferior  sizes  down  to  the  very  brush,  is  as  necessary  to  a  profit- 
able management  of  the  wood  lot  and  to  forestry  in  general  as  the 
study  of  the  conditions  and  methods  by  which  the  best  development 
of  the  crop  may  be  secured.  To  many  it  may  appear  that  the  time 
for  such  careful  use  of  wood  has  not  yet  arrived;  nevertheless,  as  in 
other  agricultural  pursuits,  he  who  knows  how  to  turn  to  account  the 
small  things  is  even  now  the  most  successful  manager. 
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The  papers  in  the  Yearbook  under  the  above  lieading  were  prepared 
b}'  special  direction  of  the  Secretary  of  Agriculture  in  accordance 
with  the  instructions  contained  in  the  following  letter,  a  copj^  of  which 
was  addressed  to  the  chiefs  of  the  various  bureaus,  divisions,  and 
offices,  *' outside  of  those  that  are  purely  administrative:" 

U.  S.  Department  of  Agriculture, 

Office  of  the  Secretary, 
Washington,  D.  C,  September  IS,  1897, 
Sir:  It  is  ray  desire  that,  in  addition  to  such  other  suitable  articles  as  may  be 
necessary,  the  forthcoming  Yearbook,  1897,  should  contain  an  article  from  each 
chief  of  bureau,  division,  and  office  outside  of  those  that  are  purely  administra- 
tive, which  shall  set  forth  in  plain  terms  the  relation  of  the  work  of  his  bureau, 
division,  or  office  to  the  farmer.  The  existence  of  the  Department  is  justified 
precisely  so  far  as  it  aids  the  farmer  to  be  a  successful  farmer,  and  my  desire  is 
that  the  article  called  for  should  present  clearly  to  the  reader  just  how  the  divi- 
sion of  the  work  in  your  charge  achieves  that  purpose.  Let  it  be  such  a  paper 
as  you  would  prepare  to  present  to  a  body  of  farmers  of  average  intelligence,  or 
before  a  committee  of  Congress  inquiring  into  the  purpose,  character,  and  practi- 
cal utility  of  your  work, 

«-  w  ■x-  *  -:f  *  * 

Very  respectfully, 

James  Wilson,  Secretary. 
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DIVISION  OF  FORESTRY. 

ByB.  E.  Fernow,  Chief. 

INTRODUCTION. 

Forestry  is  tlie  art  of  managing  forests  or  wood  oi-ops,  using  the 
same  rationally,  and  I'eproducing  them  so  as  to  secure  continuous 
sui)plies.  As  long  as  there  are  extensive  virgin  forests  from  which 
to  draw  for  our  enormous  requirements  of  wood  material,  it  appears 
to  many  people  unnecessary  to  bestow  an}'  care  upon  the  methods  of 
using  them.  The}'  are  cut  wastefully,  and  their  reproduction  is  left 
to  chance  and  nature's  beneficent  but  slow  processes,  nature  having 
endless  time  and  infinite  space  at  her  disposal  and  no  economic  objects 
to  subserve.  So  it  is  that,  with  virgin  supplies  nearing  exhaustion 
and  the  forest  area  becoming  more  and  more  limited  by  the  extension 
of  the  agricultural  area,  it  becomes  apparent  that  wood  crops  are  not 
only  as  necessary  as  food  crops,  but  that,  like  food  crops,  they  require 
some  knowledge  and  care  to  produce  the  best  results  from  limited 
areas,  and  the  need  of  forestry  appears. 

Another  aspect  also  becomes  apparent  with  the  reckless  denudation 
of  mountains  and  hillsides,  namely,  the  influence  of  the  forest  cover 
upon  the  soil  and  water  conditions  of  the  agricultural  lands  below. 
A  new  interest  in  forest  conditions  arises,  and  again  the  need  of 
forestry  appears. 

RELATION  OF  FORESTRY  TO  ALL  CLASSES  OF  FARMERS. 

Forestry  was  not  practiced  in  this  country  when  the  first  attempt 
was  made  to  have  it  represented  in  the  Department;  the  Division  of 
Forestry  was  created  in  advance  of  a  well-developed  interest,  and 
even  now  the  Avork  of  the  division  is  still  more  or  less  of  a  missionary 
character,  trying  to  bring  about  a  reform  in  our  method,  or  rather  in 
our  absence  of  method,  in  the  use  of  forest  resources.  When  the 
work  of  the  division  was  begun,  only  tree  planting  in  the  Western 
prairies  and  i^lains,  as  a  means  of  ameliorating  the  climate,  for  shade, 
wind-breaking  effects,  and  for  ornament,  was  practiced;  but  forestry 
as  applied  to  existing  forests  was  i^ractically  unknown.  Here  and 
tliere  a  farmer  may  have  cut  his  wood  lot  witli  more  or  less  care, 
but  the  majority  did  not  know  that  their  wood  lot  was  capable  of 
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being  reproduced  in  superior  quality  merely  by  an  intelligent  use  of 
the  ax. 

To  be  sure,  the  larger  portion  of  our  forest  resources  is  not  in  the 
hands  of  the  farmers,  and  hence  the  larger  direct  interest  in  the  sub- 
ject of  forestry  lies  with  another  class  of  men,  namely,  those  who 
control  our  forest  area  and  the  production  of  our  lumber  and  wood 
manufactures — industries  which  rely  upon  forest  growth  to  the  extent 
of  a  round  half  billion  dollars  for  raw  material — who  employ  readily 
a  million  workers  and  produce  material  worth  nearly  two  billion 
dollars  annually. 

This  tremendous  business  of  harvesting  and  transforming  our  virgin 
forest  crop  far  outranks  all  other  industries  in  employment  of  capital 
and  labor  and  in  value  of  products  except  agriculture  itself. 

While  the  business  of  harvesting  and  using  the  forest  crop  in  which 
these  industries  are  engaged  is,  to  be  sure,  only  a  part  of  forestrj^,  yet, 
it  is  the  most  important  part,  for,  as  stated  above,  the  difference 
between  crude  forest  exploitation  and  rational  forestry  lies  in  the 
manner  in  which  the  harvesting  is  performed.  Forestry  teaches  how 
to  cut  and  utilize  the  forest  crop  so  as  to  secure  the  largest  money 
returns  ajid  yet  maintain  natural  reproduction. 

It  may  be  argued  that  the  farming  community  of  the  plains  and 
prairies,  which  produces  the  bulk  of  our  agricultural  produce,  has  com- 
paratively little  concern  in  the  question  except  so  far  as  shelter-belt 
planting  may  be  considered  a  branch  of  forestry.  Yet,  even  if  there 
existed  no  direct  relation  of  farming  to  forestry,  such  as  will  pres- 
ently be  shown  to  exist,  the  indirect  relation  must  not  be  underesti 
mated.  In  these  times  of  close  interrelation  between  all  portions  of 
our  country  and  between  all  pursuits  and  industries,  it  would  be  dif- 
ficult to  find  any  pursuit  or  industr}^  or  develoi^ment  or  condition  that 
does  not  have  a  more  or  less  direct  bearing  upon  the  farming  industry, 
and  hence  such  a  large  and  far-reaching  industry  as  that  which  is  con- 
cerned with  the  exploitation  of  our  forest  resources  must  have  a  potent 
interest  for  the  farmer. 

Paradoxical  as  it  may  appear,  for  instance,  the  farmer  in  the  forest- 
less  region  is  in  one  direction  more  concerned  in  the  fate  of  our  forests 
than  his  brethren  in  the  forested  States.  For  these  have  stone,  iron, 
and  coal  ready  at  hand  as  substitutes  for  the  wood  material,  while  the 
development  of  the  plains  and  prairies  has  been  possible  only  by 
means  of  cheap  and  easily  transported  building  material.  When 
prices  for  wood  material  rise,  owing  to  the  rapid  decimation  of  our 
virgin  supplies,  which  is  now  appreciable,  the  first  one  to  feel  the  dif- 
ference will  1x5  the  farmer  on  th(i  prairie. 

FORESTRY  KNOWLEDGE  NECESSARY   FOR  THE  FARMER. 

But  the  forestry  business  has  a  much  more  direct  and  intimate  rela- 
tion to  the  farming  industry  in  the  forested  tliaii  in  the  forestless 
regions.     Having  to  doal  with  ci-ops  of  tlio  soil,  tlie  farnuM-  in  these 
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regions  must  divide  the  soil  with  tlie  forester.  If  he  be  tlie  owner  of 
land  not  all  fit  for  the  plow  he  must  know  what  portions  to  leave  to 
wood  crops  and  which  to  devote  to  farm  crops.  He  must  then  learn 
to  manage  his  wood  crop  as  well  as  his  food  crops,  and  thus  a  direct 
need  for  forestry  knowledge  by  the  farmer  arises. 

In  deciding  upon  tlie  allotment  of  lands  for  forest  and  farm  purp<jses 
the  fact  that  wood  nuiy  be  grown  successfully  in  soils  and  situations 
which  are  not  adapted  for  farming  forms  the  primary  basis;  yet,  other 
considerations  must  also  enter  into  this  determination.  The  farmer 
not  only  manages  the  soil,  but  he  must  also  manage  the  water  resources 
and  climatic  conditions  so  far  as  he  is  able,  although  he  has  hitherto 
but  imperfectly  realized  tlie  possibility,  importance,  and  methods  of 
such  management. 

FOREST  INFLUENCES. 

There  is  a  well-substantiated  belief  that  a  forest  cover  exercises 
certain  influences  not  only  upon  the  soil  on  which  it  stands  and  on 
the  waterflow  and  climatic  conditions  within  its  own  boundaries, 
but  beyond  these;  hence  the  existence  or  absence  of  a  forest  cover, 
its  presence  in  situations  where  a  beneficial  influence  upon  surround- 
ing conditions  may  be  exercised,  its  treatment  so  as  most  effectually 
to  secure  its  protective  influences — all  these  considerations  are  of 
direct  concern  to  successful  farming. 

This  question  of  forest  influences  has  been  again  and  again  dis- 
cussed in  annual  reports,  but  most  exhaustively  in  Bulletin  No.  7  of 
the  division,  "Forest  influences,"  published  in  1893.  This  publica- 
tion enables  the  farmer  to  form  his  own  opinion  as  to  the  character 
and  degree  of  influence  which  a  forest  cover  exercises  upon  the 
wastage  of  his  water  resources,  upon  the  erosion  and  silting  of  liis 
fields,  and  upon  the  loss  in  his  crops  from  winds  and  other  causes 
which  may  be  affected  by  the  forest  cover;  and  thus  he  may  be 
enabled  to  decide  judiciously  as  to  what  portion  of  the  farm  to  leave 
in  woodland. 

WATER   MANAGEMENT. 

• 

To  bring  the  application  of  this  knowledge  more  fully  to  the 
farmer's  conception,  the  loss  which  our  farming  lands  suffer  annually 
by  erosion,  amounting  to  millions  of  dollars  of  soil  capital,  is  graph- 
ically depicted  in  a  colored  chart,  designed  to  be  exhibited  as  an 
object  lesson  in  schools,  post-otfices,  and  other  public  i^laces.  It 
shows  how  the  denuding  of  the  hilltops  and  the  compacting  of  the 
soil  by  the  rains  and  by  the  trampling  of  cattle  induce  rapid  surface 
drainage.  The  compacted  soil  is  gullied  and  washed  away,  the  valley 
fields  silted,  and  the  farm  is  lost.  The  chart  also  shows  how  by  keep- 
ing hilltops  and  steep  slopes  under  forest,  by  filling  gullies  with 
brush  and  stonework,  and  providing  for  underground  draiiuige,  etc., 
the  farm  is  regained,  and  how  by  judicious  distribution  and  manage- 
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ment  of  forest  cover  and  proper  assignment  of  soil  to  various  pur- 
ix)ses  the  farm  is  retained  in  best  producing  capacity.  This  relation 
of  forest  to  farms  has  also  been  discussed  and  illustrated  in  Farmers' 
liulletin  No.  20,  "Washed  soils:  How  to  prevent  and  reclaim  them," 
and  in  the  Yearbook  for  1895.  Water  management  (meaning  thereby 
not  only  the  use  of  water  for  irrigation  in  the  arid  and  subarid 
regions,  but  the  rational  distribution  and  use  in  the  liumid  regions  of 
available  water  supplies)  is  the  great  problem  of  the  future,  upon 
the  solution  of  which  more  i^roductive  agriculture  depends;  and  with 
the  solution  of  tliis  problem  the  forestry  problem  is  most  intimately 
connected,  for  without  forest  management  no  rational  water  manage- 
ment is  possible. 

RELATION   OF   FORESTS  TO  SURROUNDING  CONDITIONS. 

As  this  is  perhaps  the  most  important  direct  relation  of  the  farmer 
to  forestry  and  there  are  still  erroneous  notions  as  to  the  philosophy, 
character,  and  degree  of  this  relation  abroad,  we  may  be  allowed  to 
briefly  state  what  our  present  knowledge  regarding  it  seems  to  be, 
referring  the  reader  for  a  fuller  discussion  to  the  publications  cited 
above. 

There  are  two  questions  involved,  namelj',  the  effect  of  a  forest 
cover  on  the  conditions  within  its  own  boundaries  and  on  the  condi- 
tions of  adjoining  territory.  That  the  degree  of  influence  depends 
largely  on  the  kind  and  condition  of  the  forest  growth  itself  must  be 
self-evident;  it  must  differ  according  to  the  composition  (hardwoods 
or  conifers),  the  densit}^  (open  or  close  stand),  the  height  or  age  of  the 
trees,  and  many  other  conditions. 

The  influence  upon  the  conditions  under  its  own  cover  are  mainly 
due  to  the  mechanical  barrier  which  the  canopy  of  foliage  interi)Oses 
between  the  sun,  the  rain,  the  winds,  and  the  air  of  the  interior  and 
the  soil.  The  exclusion  of  sun  and  w  ind  reduces  the  evaporation, 
and  hence  both  the  air  and  soil  under  the  shade  of  a  forest  cover 
should,  as  a  rule,  be  not  only  cooler,  but  moister  than  in  an  open  or 
barren  field.  Trees,  to  be  sure,  requirefwater  for  their  growth,  but  it 
seems  that  they  require  less  than  a  growing  field  or  grass  crop  or 
weeds,  and,  since  they  bring  up  the  water  from  greater  depths  and 
transpire  thv»  greater  part  into  the  air,  they  increase  the  humidity  of 
the  air  in  their  neigliborhood. 

Yet,  it  is  still  an  open  question  whether  forests  contribute  to 
an  increased  rainfall  in  their  neighborhood.  Other  conditions  pro- 
ducing rainfall  are  so  much  more  powerful  that  it  is  doubtful  wlietlier 
this  forest  effect,  if  it  exists,  would  be  appreciable  even  within  a  re- 
stricted area.  On  the  otliei'  hand,  it  is  well  known  that  a  timber  belt 
or  even  a  few  rows  of  trees  in  a  wind-break  or  shelter  belt  have  not 
only  a  beneficial  effect  on  orchards  and  cattle,  especially  in  the  open 
prairies  and  i)lains,  but  also  on  croi>s  in  adjoining  fields;  because,  by 
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breaking  the  force  and  velocity  of  droughty  winds,  the  evaporation  is 
reduced,  and  lience  more  moisture  remains  for  the  use  of  the  crop. 

The  most  patent  and  most  potent  effect  of  forest  cover  upon  water 
and  soil  conditions  is  to  be  found  in  a  hilly  or  mountainous  country. 
Again,  this  effect  is  a  mechanical  one.  Crops  depend  less  on  rainfall 
than  on  water  supplied  to  their  roots,  however  obtained,  Avhether  it 
be  fiirnislied  b}'  rain  directly,  by  artificial  surface  irrigation,  or  by 
natural  underground  irrigation.  Rain  is  not  the  most  desirable  form 
in  which  our  water  supph'  comes  to  us,  as  the  districts  relying  on  irri- 
gation testif}'.  The  ideal  form  of  supply  is  by  natural  underground 
drainage. 

Now  this  is  precisely  what  a  forest  cover,  on  the  higher  levels  as  well 
as  in  the  valleys,  aids  in  securing,  namely,  the  changing  of  surface 
drainage  into  subdrainage  and  the  conservation  of  moisture  against 
dissipation  by  the  evaporative  influence  of  sun  and  wind.  A  forest 
growth  keeps  the  soil  porous,  and  with  its  deep-reaching  root  s^'stems 
assists  the  percolation  of  the  falling  waters  or  melting  snows,  and  per- 
mits subdrainage  of  these  waters,  which  prevents  their  wastage  by 
surface  evaporation;  while  on  a  bared  slope  and  even  in  a  cultivated 
field  the  pattering  raindrops  compact  the  soil,  thus  finall}'  b}-  their 
own  action  impeding  percolation.  As  a  consequence,  less  water  pene- 
trates and  more  is  finally  evaporated  by  capillary  action,  and  hence 
less  remains  available  for  the  crops  at  lower  levels.  The  waters  fall- 
ing on  a  well-forested  slope  find  the  lower  levels  underground  and 
furnish  the  desirable  constant  supplies  to  the  lowland  fields.  This 
explains  the  constancy  and  even  flow  of  springs  and  brooks  in  a  well- 
wooded  country,  where  uneven  flow,  floods,  and  droughts  become 
frequent  after  denudation. 

Between  the  extreme  conditions  of  an  absolutely  bare  slope  and  a 
well-wooded  one  there  may  be  many  gradations,  and  the  condition  of 
the  forest  cover  will  necessarily  determine  the  amount  of  influence  it 
exerts.  Besides,  geologic  formation  and  topograi)liic  contour  must  be 
considered.  There  may  be  loose  rocks  and  ^'avels  which,  without  a 
I^rotecting  forest  cover,  remain  readily  permeable,  and  again  there 
may  be  such  precipitous  slopes  that  even  a  forest  cover  can  not  much 
impede  the  surface  drainage. 

In  addition,  the  rapid  surface  drainage  on  a  thinly  forested  or  bare 
sloi)e  induces  the  gullying  and  eroding  i)rocess,  and  the  destruction 
and  wastage  of  the  fertile  soils  at  lower  levels  is  the  consequence. 
The  character  and  degree  of  this  erosion,  to  be  sui-e,  varies  according 
to  the  character  of  the  soil  and  the  slope.  There  may  be  conditions 
whei-e  no  dangers  need  be  feared  from  this  source,  but  over  large  areas 
in  our  country  there  are  just  such  conditions  as  in  France,  where 
whole  communities  have  been  impoverished  and  large  areas  depopu- 
lated by  erosions  and  floods,  induced  by  forest  devastation  on  the 
slopes.     In  such  localities,  at  least,  it  is  essential  that  the  farmer 
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exercise  judgment  in  the  location  of  his  fields  as  well  as  in  the  man- 
agement of  his  woodlands. 

The  loss  of  soil  cai)ital  in  the  United  States,  due  to  this  cause,  has 
been  roughly  estimated  at  200  square  miles  of  soil  per  annum.  The 
great  floods  of  the  Mississippi  and  the  hardships  to  agriculture  result- 
ing therefrom  are  intimately  bound  up  with  the  condition  at  the  head 
waters  of  streams  and  along  stream  banks,  and  may,  in  time,  be 
avoided  or  at  least  reduced  in  frequency  and  danger  by  a  judicious 
management  of  the  drainage  conditions  which  furnish  the  flood 
waters.  Forestry,  as  Captain  Eads  himself  foresaw,  will  have  to 
come  to  the  aid  of  the  engineer. 

From  these  statements  it  will  appear  that  not  merely  as  a  citizen 
interested  in  the  general  welfare  of  the  country  is  the  farmer  under 
obligation  to  take  interest  in  the  subject  of  forestry — if  not  in  its  tech- 
nical aspects,  tlien  at  least  in  its  importance  with  reference  to  other 
economic  conditions — but  as  one  whose  own  industry  and  capital  are 
directly  influenced  by  forest  conditions. 

SYLVICULTURE. 

For  those  who  desire  to  get  a  general  conception  of  the  objects  as 
well  as  the  methods  of  forestry  as  practiced  abroad,  there  is,  besides 
the  annual  reports  which  discuss  various  phases  of  the  subject,  a 
brief  yet  comprehensive  discussion  to  be  found  in  Bulletin  No.  5, 
entitled  "What  is  forestry,"  of  which  a  large  edition  has  been  pub- 
lished and  distributed. 

For  those  who  desire  more  technical  information  and  wish  to  apply 
some  of  the  forestry  principles  to  the  treatment  of  their  wood  lot,  the 
Yearbook  for  1894  in  the  paper  "Forestry  for  farmers"  gives  con- 
cise instructions,  elucidating  first  the  manner  in  which  trees  and 
forests  develop  and  then  giving  hints  as  to  how  the  wood  lot  should 
be  cut  systematically  to  secure  a  young  growth  of  desirable  species. 

Under  the  caption  of  "  Tree  planting  in  waste  places  on  the  farm," 
the  Yearbook  of  1896  ^ves,  at  least,  valuable  hints  as  to  how  the 
untillable  ground,  the  rocky  and  unsightly  spots  of  a  farm,  may  be 
made  useful  b}^  devoting  them  to  tree  growth. 

It  is  only  possible  in  such  brief  papers  to  give  general  principles, 
since  the  flora,  the  climate,  and  other  conditions  vary  to  such  an 
extent  over  our  large  country  that  specific  rules  could  be  formulated 
only  for  a  definite  locality.  When  it  comes  to  the  practice,  the  farmer 
will  have  to  study  his  own  conditions  and  apply  the  principles  ficcord- 
ing  to  his  own  judgment  and  experience,  just  as  in  other  agricultural 
problems.  Furthermore,  much  of  the  specific  knowledge  which  would 
entitle  us  to  give  authoritative  advice  is  still  lacking. 

FOREST  BIOLOGY. 

In  order  to  manage  a  forest  growth  intelligently  we  must  know  first 
of  all  the  biology,  or  life  history,  of  all  the  kinds  of  trees  which  com- 
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pose  it,  what  conditions  tliey  require  for  their  best  development,  liow 
their  growth  progresses  from  tlie  seed  to  maturity,  especially  their 
relative  height  growth  and  their  light  requirement  or  shade  enduranco, 
for  this  knowledge  alone  will  enalile  us  to  judge  whether  and  how  \v<' 
can  maintain  the  desired  eomi)osition  and  secure  its  best  development 
and  reproduction. 

The  European  forester  needs  this  knowledge  only  for  six  or  eight 
species,  while  the  American  forester  in  almost  any  part  of  the  country 
must  be  familiar  with  the  requirements  of  at  least  a  dozen  or  two;  and 
he  who  would  want  to  give  specific  advice  for  all  parts  of  our  country 
must  know  the  life  history  of  at  least  100  tree  species  Out  of  the  450 
which  are  found  native  in  the  United  States.  He  must,  in  the  first 
place,  know  to  which  of  the  host  of  tree  forms  to  direct  his  attention; 
he  must  determine  which  are  to  be  considered  economically  valuaV)le 
species,  which  have  only  subordinate  sylvicultural  value,  and  which 
must  be  coTisidered  simply  as  weeds  (for  there  are  weeds  among  trees 
as  well  as  among  other  plants).  But  weeds,  we  must  not  forget,  are 
only  plants,  the  use  of  Avhich  is  not  yet  known.  He  must,  therefore, 
classify  the  trees  as  to  their  relative  value,  and  for  such  classification 
he  must  have  sylvicultural,  biological,  and  technological  knowledge 
of  them. 

NOMENCLATURE. 

It  may  be  well  to  remind  the  reader  that  in  the  development  of  any 
science  or  art  there  is  much  work  necessary  to  be  done  that  has 
apparently  no  direct  practical  value.  Yet,  to  insure  the  satisfactory 
progress  of  such  development  it  has  to  be  done,  and  sometimes  the 
practical  value  will  show  when  least  expected.  Of  such  a  class  of 
work  is  the  revision  of  the  nomenclature  of  the  arborescent  flora, 
which  was  published  in  Bulletin  No.  14 — an  attempt  to  bring  about 
uniformity  in  the  use  of  the  botanical  as  well  as  of  the  vernacular 
names.  It  was  a  very  practical  question  which  suggested  the  urgent 
need  of  this  w^ork,  namely,  the  loss  of  money  b}^  a  firm  of  nursery- 
men, who,  in  ignorance  of  the  different  use  of  names  by  the  customer, 
supplied  the  wrong  plants.  Again  and  again  has  the  confusion  of 
names  led  to  similar  troubles. 

BIOLOGICAL  WORK   OF   THE   DIVISION. 

The  work  of  the  Division  of  Forestry  iu  a  biological  direction  has 
been  progressing  very  slowly,  partly  because  of  a  lack  of  men  fitted 
to  pursue  this  particular  line  of  work,  which  requires  a  certain  amount 
of  forestry  education  and  close  observation  in  the  field,  and  partly 
because  of  scant  appropriations. 

A  first  attempt  at  a  tentative  classification  of  oui-  forest  flora  was 
made  in  the  annual  report  for  1886,  in  which  a  list  of  97  species  then 
conceived  as  of  economic  importance  was  given,  classified  according 
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to  their  relative  value,  with  notes  regarding  tlioir  sylvicultural  require- 
ments. A  revised  list  of  this  kind  will  be  found  in  the  Appendix  to 
this  volume. 

JSIore  comprehensive  studies  were  made  regarding  the  most  impor- 
tant timbers  of  the  Eastern  United  States,  the  conifers  (spruces,  pines, 
hemlock,  cedars,  cypress),  which,  although  perhaps  of  less  direct 
interest  to  the  farmer  than  the  broad -leafed  trees  that  usuallj'  com- 
pose his  wood  lot,  at  least  in  the  Northeastern  section  of  the  country, 
furnish  from  two-thirds  to  three-fourths  of  our  enormous  lumber 
consumption,  and  their  reproduction  is,  therefore,  of  the  greatest 
interest  to  the  people  at  large  and  to  the  forester  of  the  future. 

So  far,  the  division  has  been  able  to  make  a  thorough  study  of  five 
species  only  with  sufficient  completeness  to  warrant  the  publication 
of  results,  namely,  the  white  pine,  the  monograph  on  which  is  to  be 
published  shortly,  and  the  four  Southern  lumber  pines,  which  were 
discussed  in  Bulletin  No.  13,  "The  timber  pines  of  the  Southern 
United  States,"  published  in  1896. 

Although  these  studies  are  designed  more  particularly^  to  meet  the 
needs  of  that  class  of  men  w^ho  control  the  pine  forests,  and  to  assist 
them  in  a  better  management  of  the  same,  every  farmer  who  wishes 
to  widen  his  conception  of  the  drift  and  importance  of  the  subject 
should  read  this  Bulletin  No.  13.  It  is  the  first  attempt  in  the  United 
States  of  a  comprehensive  statement,  from  a  forestry  point  of  view,  of 
the  economic,  technical,  and  sylvicultural  conditions  and  require- 
ments of  four  species  of  forest  trees. 

A  knowledge  of  the  life  historj^  of  the  species  composing  the 
forest  and  of  their  sylvicultural  requirements  is  all  that  is  necessary 
to  manage  the  crop  for  best  development  and  reproduction.  This 
part  of  forestrj' — the  growing  of  the  crop — is  designated  as  sylvicul- 
ture. But  the  forester  whose  business  it  is  not  only  to  grow  the  crop, 
but  to  market  it  and  produce  a  money  result,  must  have  knowledge 
in  three  other  directions,  nameh^,  he  must  know  how  fast  his  crop 
develops,  he  must  know  for  what  purpose  the  different  parts  of  his 
crop  can  be  most  profitablj'  employed,  and  lastly  he  must  have  some 
knowledge  of  market  conditions  and  market  requirements. 

FOREST  MEASUREMENT  AND  FINANCE. 

The  forest  crop  differs  from  all  other  crops  and  forestry  differs 
from  all  other  industries  of  production  in  two  ways.  There  is  no 
definite  period  when  the  ci'op  can  be  said  to  be  mature,  as  in  the  case 
of  agricultural  products;  it  consists,  first,  of  annual  accumulations 
wliich  are  allowed  to  continue  until  the  individual  trees  attain  either 
a  useful  or  a  ])r()fita]>I(^  size,  and,  secondly,  to  attain  such  size  a  long 
time,  and,  with  different  species  and  conditions,  a  variable  time,  is 
needed;  thus,  for  firewood  production  a  growth  of  fifteen  to  twenty- 
five  years  might   suffice,  while  foi*  good  luin])er  production  not  less 


WORK    OF    THE    DEPARTMENT    FOR    THE    FARMER.  151 

than  sevoiit\'-five  to  one  liuiidrecl  years  aiul  more  are  needed.  This 
indefiniteness  of  tlie  time  of  maturity  and  the  unusually  long  period 
of  production  during  which  the  crop  has  to  grow  predicate  peculiar 
business  arrangements,  entirely  different  from  those  i^revailing  in 
other  industries,  if  forest  growing  is  to  be  carried  on  as  a  financial 
business,  and  so  necessitate  to  a  greater  extent  than  with  any  other  a 
full  knowledge  of  the  forest  industry. 

Tree  measurements,  especially  measurements  of  the  rate  of  gi-owth 
of  single  trees  and  of  whole  stands  of  trees,  furnish  the  basis  for 
determining  the  first  question,  namely,  when  under  given  conditions 
the  useful  or  the  profitable  sizes  may  be  expected  to  be  attained. 

The  division  lias,  therefore,  for  some  time,  as  opportunity  has  been 
afforded,  carried  on  measurements  of  the  rate  of  growth  of  certain 
species,  especially  of  the  important  conifers.  It  is  now  in  position  to 
make  a  comprehensive  statement  of  the  growth  of  white  pine,  having 
analyzed  nearly  700  trees  from  many  localities,  the  results  of  which 
will  permit  an  estimate  of  the  possible  yields  that  can  be  expected 
from  this  sjiecies  at  different  periods  of  its  life.  This  is  a  much  more 
complicated  matter  than  most  people  would  suspect,  especially  since 
our  measurementscanonly  be  madeon  trees  and  stands  of  trees  which 
have  grown  in  nature's  unattended  forests,  while  with  the  application 
of  knowledge  and  skill  in  the  management  of  the  crop  quite  different 
results  may  be  secured.  Bulletins  of  this  division  will  shortlj^be  pub- 
lished on  the  measurement  of  standing  trees  and  forests  and  on  the 
measurement  of  the  rate  of  growth  of  trees  and  forests. 

There  have  been  many  misconceptions  abroad  as  to  the  rapidity  of 
tree  growth  and  the  amounts  that  may  be  harvested  from  an  acre  in 
a  given  time.  If  Avood  alone  were  to  be  produced,  the  matter  would 
be  much  more  simple.  We  could,  from  the  experience  which  has 
been  gathered  in  other  countries  and  in  our  own,  soon  arrive  at  a 
st£;tement  as  to  the  amount  of  wood  which  an  acre  of  a  full  grown 
dense  forest  croj)  could  produce,  just  as  we  know  the  productive 
capacity  of  an  acre  of  wheat  or  barlej^ 

In  an  average  of  a  hundred  years  the  yearly  growth,  according  to 
species,  soil,  and  climatic  conditions,  would  vary  between  30  and  180 
cubic  feet  of  wood  per  acre  each  year.  But,  unless  firewood  is  the  object 
of  forest  cropping,  it  is  not  quantity  of  w^ood  merely,  but  wood  of  given 
size  and  of  given  quality,  wood  fit  for  the  arts,  that  is  to  be  grown. 
Such  wood  alone  it  will  pay  to  raise.  Hence,  it  is  necessary  not  only 
to  know  what  sizes  can  be  grown  in  given  i)eriods  of  the  life  of  the 
crop  and  what  sizes  can  be  profitably  handled  at  the  mill  or  in  the 
market,  but  also  what  ([ualities  are  desired  and  under  what  conditions 
they  can  be  produced.  Trees  develop  very  differently  at  different 
periods  of  their  life.  Thus,  while  a  white-pine  tree  may  in  the  first 
fifty  years  have  grown  on  an  average  one-thii'd  of  a  cubic  foot  of  wood 
per  year,  if  we  had  waited  till  the  hundredth  year  the  average  rate  per 
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year  would  appear  as  more  than  1  cubic  foot,  and  the  total  volume  four 
to  five  times  what  it  was  at  fifty  years,  although  the  diameter  has  only 
about  doubled.  Again,  while  at  fifty  years  hardl}-  more  than  15  per 
cent  of  the  total  wood  volume  would  have  furnished  saw  timber,  per- 
haps making  50  feet  B.  M.,  at  one  hundred  years  the  proportion  of 
tlie  more  valuable  milling  material  would  have  risen  to  40  per  cent 
and  more  of  the  whole  tree,  and  the  output  of  timber  has  reached  500 
feet  B.  M.  On  the  other  hand,  an  acre  of  pine  fully  stocked  which  at 
one  hundred  years  may  have  produced  at  the  rate  of  140  cubic  feet  per 
year  could  under  the  same  conditions  have  produced  for  the  first  fifty 
years  at  the  rate  of  180  cubic  feet  per  year,  or  nearly  one-third  more. 
Yet,  the  value  of  the  wood  on  that  same  acre  at  one  hundred  years  is 
very  considerably  more  than  the  fifty-year  old  wood,  on  account  of  the 
increased  proportion  of  highly  useful  material  that  can  be  got  from  it. 
Similarly,  Ave  find  that  not  more  than  1  to  2  per  cent  of  the  wood  i)ro- 
duced  in  the  coppice  woods  of  twentj^  to  twenty-five  years'  growth,  in 
which  New  England  abounds,  is  serviceable  in  the  arts,  while  50  to 
75  per  cent  and  more  may  be  thus  profitably  utilized  from  the  same 
Acre  if  allowed  to  grow  one  hundred  years. 

It  will  be  readily  seen  from  these  few  glimpses  into  the  subject  that 
this  knowledge  of  the  rate  of  development  and  jield  of  our  timber 
trees  is  indispensable  for  the  discussion  of  the  profits  of  forest  crop- 
ping, and  also  furnishes  hints  for  rational  methods  of  sylviculture. 
This  same  white-pine  tree,  for  instance,  could  have  made  much  more 
wood  if  it  had  been  allowed  to  grow  Avithout  interfering  neighbors, 
but  it  would  not  onlj^  have  assumed  less  useful,  conical  shape,  but 
would  have  put  much  of  its  energy  into  branches,  which  not  only  do 
not  furnish  serviceable  wood,  but  i)roduce  knotty  lumber,  an  inferior 
or  unsalable  article.  Moreover,  the  wood  of  most  or  manj^  of  our 
trees  changes  in  quality  with  age,  so  that  with  size,  f oruu,  and  freedom 
from  knots,  not  only  the  technical  value,  but  the  money  value  also, 
grows  disproportionately. 

CONSUMPTION  AND   WASTE   OF   WOOD. 

Regarding  the  technical  value  of  our  woods  the  ignorance  of  our 
people,  even  of  those  whose  business  it  is  to  use  wood  in  structures 
and  otherwise,  is  so  great  that  an  enormous  waste  of  good  material  is 
the  result.  Our  nation  has  used  and  is  now  using  more  Avood  mate- 
rials than  any  nation  ever  did,  our  Avood  consumption  per  capita 
outside  of  firewood  being  eight  to  ten  times  that  of  German}'  and 
eighteen  to  tAventy  times  that  of  Great  Britain.  Not  only  do  Ave  rely 
more  on  wooden  structures,  but  we  are  moi*e  wasteful  in  tlieir  con- 
struct ion.  This  Avaste  is  induced  by  two  causes — ignorance  regarding 
our  supplies,  Avhicli  Ave  seem  to  believe  inexhaustible,  and  ignorance 
regarding  the  properties  of  our  timber  and  of  Avood  in  general,  Avliich 
results  in  Avasteful  lavishness. 
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In  the  opinion  of  the  writer,  change  in  our  methods  of  using  wood 
has  become  an  absolute  necessity,  for  if  we  persist  in  the  wasteful 
squandering  of  our  virgin  supplies  of  timber  we  must  inevitably 
exhaust  tliem  l^efore  a  new  crop  is  ready  to  supply  even  our  more 
limited  necessities.  The  farmer  should  be  as  much  interested  in  this 
question  as  any  other  class  of  citizens,  and  ijerhaps  more,  for  lie  relies 
upon  wood  more  than  any  other  class,  not  only  in  his  buildings  but  in 
his  implements. 

STATISTICS. 

The  division  has  never  been  jjlaced  in  i^osition  to  ascertain  with 
any  degree  of  accurac}'  the  question  of  supplies,  but  has  gathered  at 
legist  such  information  as  was  accessible  from  other  sources,  and  has 
endeavored  to  present  them  in  such  a  manner  as  to  atti-act  attention 
to  the  gravity  of  the  situation. 

In  Circular  No.  11,  "Facts  and  figures  regarding  our  forest  resources 
briefly  stated,"  it  was  estinmted  that  at  the  xeA-y  best  there  were  to 
meet  our  annual  consumption  of  a  round  40  billion  feet  B.  M.,  in  bolt 
and  log  size,  not  more  than  2,300  billion  feet  of  timber  standing,  or 
less  than  sixty  years'  suj^^ply.  This  is  i)i-obably  a  very  sanguine  posi- 
tion, and  does  not  take  into  account  that  much  of  this  timber  is 
certain  to  be  cut  into  firewood  or  burned  in  our  annual  conflagrations. 

The  situation  is  still  less  assuring  when  we  confine  the  inquiry  to 
the  coniferous  growth,  which,  as  we  .have  stated,  furnishes  at  present 
nearl}^  three-quarters  of  our  lumber  consumption.  This  was  discussed 
in  a  rei^ort  in  answer  to  a  resolution  of  the  United  States  Senate  of 
April  14,  1807  (Senate  Doc.  No.  40,  Fifty-fifth  Congress,  first  session). 
In  this  report  it  Avas  shown  that  there  was  i^robably  not  sixteen  years' 
supply  standing  in  the  Eastern  States  if  we  continue  to  cut  and  waste 
it  as  hitherto,  and  that  the  supply  of  the  Pacific  Coast  would  not  suf- 
fice to  lengthen  this  period  of  i^lenty  beyond  thirty  years,  oyou  if  this 
supply  were  not  largely  destroj^ed  bj^  fire. 

The  lesson  to  be  learned  from  these  statistical  inquiries  is  that  the 
time  wdien  sux:)X3ly  is  in  excess  of  demand  has  j)assed,  considering  that  to 
grow  a  really  serviceable  mill  log  of  i)ine  requires  not  less  than  one 
hundred  yeai's — the  trees  that  have  hitherto  been  considered  service- 
able for  such  purposes  being  much  older.  Farmers  who  own  really 
good  saw  timber  will  do  well  not  to  fritter  it  away,  but  carefully  cut 
it,  Avhen  salable  at  good  price,  in  such  a  manner  as  to  I'eproduce  the 
crop. 

FOREST   TECHNOLOGY   AND   TIMBER   PHYSICS. 

The  other  element  of  ignorance  which  leads  to  waste,  namely,  the 
properties  of  wood  in  general  and  of  our  timbers  in  particular,  acts 
detrimental!}'  in  two  ways:  First,  by  not  knowing  or  appreciating  the 
value  of  manj'  of  our  woods,  we  fail  to  use  them,  and  waste  the  supply 
in  logging  operations;   and,  second,  by  not  knowing  more  exactly 
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the  properties  of  those  we  use,  we  apply  them  in  wrong  lilaces  and 
wastefully.  Everybody  knows  how  the  black  walnut  has  been  squan- 
dered ill  fence  rails  and  been  burned  without  the  knowledge  that  it 
could  have  been  kept  for  a  century  (in  logs,  if  not  standing),  with 
increase  in  value  and  without  danger  of  decay.  Who  does  not  remem- 
ber how  millions  of  feet  of  hemlock,  from  which  the  bark  was  taken, 
were  lying  rotting  in  the  woods,  because  the  value  of  the  wood  was 
unappreciated!  And  even  to-day  millions  of  feet  of  most  valuable 
chestnut  and  oak  are  left  in  the  woods  unused  after  the  bark  has 
been  taken  by  the  tanner.  While  this  may  be  in  part  due  to  economic 
conditions,  the  transport  of  the  wood  being  too  difficult  and  too  expen- 
sive, there  is  no  such  reason  for  leaving  the  excellent  hemlock  of  the 
Pacific  Coast  uncut  in  the  woods. 

In  some  portions  of  AVashington  and  Oregon  about  one -half  the 
forest  growth  consists  of  hemlock  trees  300  feet  and  more  in  height 
and  3  to  4  feet  in  diameter,  furnishing  a  magnificent  material  for  many 
purposes.  Yet,  such  is  the  ignorance  regarding  its  value  that  it  can 
not  be  marketed,  and  it  is  left  standing.  This  would  at  first  sight 
appear  an  advantage  for  the  future;  but  it  is  not,  for  the  trees,  sud- 
denly placed  in  different  conditions,  even  if  the  fires  that  follow  the 
logger  should  spare  them,  die  as  the  consequence  of  the  exposure  by 
removal  of  their  neighbors,  and  thus  one-half  the  value  of  the  forest 
growth  is  lost.  Examples  of  this  kind  could  be  multiplied  from  all 
sections  of  the  country.  The  other  kind  of  ignorance,  namely,  regard- 
ing the  properties  of  the  woods  which  we  do  use,  exhibits  itself  in 
their  wrong  and  wasteful  application. 

There  has  been  so  little  systematic  and  reliable  investigation  on 
our  timbers  that  until  a  short  while  ago  the  sizes  which  architects, 
builders,  and  engineers  prescribed  for  use  in  structures  w^ere  formu- 
lated upon  the  data  furnished  by  European  investigators  on  European 
timbers,  which  are  by  no  means  of  the  same  quality  as  ours.  The  use 
of  unsuitable  woods  in  places  where  liable  to  decay,  and  the  absence 
of  i^roper  handling  of  woods  used  for  such  purposes,  occasion  a  large 
wastage,  due  to  the  necessity  of  replacing  them;  and  many  a  disaster, 
from  the  break  of  a  wagon  pole  to  the  collapse  of  a  building  in  which 
large  amounts  of  property  and  even  life  are  destroyed,  may  be  traced 
to  ignorance  in  the  use  of  woods. 

The  first  statement  as  to  the  wasteful  use  of  our  timbers  we  can 
substantiate  by  the  investigations  of  the  division,  which  have  shown 
that  the  strength  of  our  longleaf  pine  is  from  20  to  25  per  cent  greater 
than  had  hitherto  been  supposed;  by  this  knowledge  an  annual  saving 
of  at  least  ^0,000,000  worth  of  this  material  alone  could  be  effected. 
The  demonstration  by  the  division  that  the  bleeding  of  this  same  spe- 
cies for  turpentine  does  not  deteriorate  the  timber  value  of  the  trees 
has  added  at  least  ^2,0(J0,00o  annually  to  the  product  of  the  pineries 
of  the  South. 
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A  few  years  ago  the  division  inaugurated  a  most  comprehensiv*^ 
investigation,  such  as  had  never  been  attempted  elsewhere,  in  order 
to  remove,  once  for  all,  ignorance  so  fatal  to  a  conservative  use  of  our 
forest  resources.  The  plan  elicited  the  commendation  of  both  Euro- 
pean and  American  engineers  and  wood  consumers  in  general,  who 
realized  most  readilj^  how  little  we  know  of  wood  and  how  important 
such  knowledge  is,  and  how  dangerous  in  its  consequences  is  the 
absence  of  reliable  information.  The  results,  being  capable  of  imme- 
diate application  in  practice,  promised  more  immediate  effects  in  the 
direction  of  more  conservative  use  of  our  forest  resources  than  any 
other  line  of  Avork.  Yet,  through  lack  of  api)reciation  of  its  direct 
influence  upon  the  forestry  problems  of  the  country  and  deficient 
appropriations,  the  plan  was  curtailed  in  its  scope,  and  has  finally 
been  abandoned. 

This  work  and  the  publications  that  have  resulted  therefrom  so  far 
may  not  be  of  direct  and  special  interest  to  the  farmer,  as  they  are 
necessarily  in  the  first  place  designed  for  use  of  architects,  engineers, 
and  others  using  wood  on  a  large  scale.  Yet,  even  though  the  farmer's 
interest  in  the  subject  is  seemingly  limited,  it  may  be  well  worth  his 
while  to  become  familiar  with  two  of  the  publications  emanating 
from  these  investigations,  namely.  Bulletin  No.  10,  "An  elementary 
discussion  of  the  characteristics  and  properties  of  wood,"  which 
attempts  to  give  in  concise  form  what  general  knowledge  we  have 
regarding  wood,  with  such  examples  of  our  own  timbers  as  were 
available,  and  the  paper  in  the  Yearbook  for  1896  on  "The  use  of 
wood,"  in  which  the  principles  are  discussed  which  should  guide  in 
the  choice  of  our  woods  for  various  purposes.  From  the  final  results 
of  these  investigations,  if  they  should  be  continued,  the  farmer  would 
indirectly  benefit  as  much  as  every  other  citizen  who  builds  a  house 
or  uses  a  spade. 

Those  engaged  in  growing  Avood  for  profit  will  recall  what  has  been 
said  regarding  the  profitableness  of  forest  culture  as  depending  on 
our  knowledge  of  the  qualities  of  our  product  and  its  serviceableness 
for  different  purposes,  and  will  readily  form  an  opinion  as  to  the 
paramount  need  of  these  investigations,  which  can  in  a  comparatively 
short  time  be  brought  to  conclusion. 

We  repeat,  that  as  far  as  the  enormous  business  of  harvesting  and 
marketing  forest  x>roducts  and  of  wood  manufactures  is  concerned, 
the  forestry  interests  lie  in  the  hands  of  other  men  than  the  farmers, 
who  own  only  a  limited  portion  of  the  great  forest  areas. 

TREE   PLANTING   IN   FORESTLESS   REGIONS. 

Forests  grow  in  humid  regions;  and  as  forestry  has  to  do  with 
forests  rather  than  trees  merely,  as  the  etymolog}^  of  the  word  indi- 
cates, the  work  of  the  division  has  had  most  concern  with  the  interests 
of  these  regions  instead  of  making  the  tree  i^lanting  in  the  Western 
18051 2 
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States  its  most  prominent  concern.  Nevertheless,  the  beneficial  influ- 
ence which  tree  growth  may  exercise  on  surroundings  being  first  real- 
ized when  the  absence  of  it  suggested  it  to  the  settler  on  the  open 
prairies  and  plains,  tree  planting  became  early  a  practice  among 
the  settlers  in  those  regions. 

This  tree  planting  had  in  view  protection  from  cold  and  hot  winds, 
shade,  and  shelter  rather  than  wood  supplies,  and  we  may  as  well 
recognize  at  once  the  fact  that  while  undoubtedly  this  beneficial  influ- 
ence of  timber  belts  may  be  secured  in  most  parts  of  the  arid  and 
subarid  belts,  and  incidentally  the  supplying  of  firewood  and  other 
timber  of  small  dimensions  for  domestic  use,  it  is  entirelj^  out  of  the 
question  to  expect  that  these  plantings  will  ever  furnish  supplies  for 
our  great  lumber  market.  These  supplies  will  always,  the  writer 
believes,  be  grown  in  the  regions  in  which  forests  now  grow  and 
which  are  by  nature  best  adapted  to  wood  crops.  Nevertheless,  the 
division  has  given  attention  to  the  needs  of  the  tree  planter  in  the 
prairies  and  plains,  who  is  concerned  in  the  artificial  creation  of  forest 
growth  to  ameliorate  his  climatic  conditions. 

In  these  arid  and  subarid  regions,  where  nature  has  denied  tree 
growth,  the  climatic  conditions  are  so  different  from  those  of  the 
humid  parts  that  not  only  different  methods  of  cultivation  are  nec- 
essary, but  the  plant  material  must  be  imported  and  selected  with  a 
view  to  a  rigorous  climate,  characterized  by  extreme  ranges  of  tem- 
perature. A  range  of  40°  below  zero  to  120°  F.  above  must  be  endured 
by  the  trees,  their  moisture  requirements  must  be  of  the  smallest,  and 
they  must  be  capable  of  responding  to  the  enormous  demands  of 
evaporation.  At  first,  whatever  trees  will  grow  successfully  from  the 
start  under  such  untoward  conditions  would  have  to  be  chosen,  no 
matter  what  their  usefulness  otherwise  might  be. 

The  first  settlers  have  ascertained  bj^  trials  some  of  the  species  that 
will  succeed  under  such  conditions,  but  unfortunately  most  of  these 
are  of  but  small  economic  value  and  some  of  them  are  only  short 
lived  under  the  conditions  in  which  they  have  to  grow.  The  methods 
of  planting  were  naturally  suggested  by  the  experience  of  orchardists 
and  nurserymen,  since  forest  planting  had  never  been  practiced  in 
this  country,  but  unquestionably  many  failures  can  be  avoided  by 
application  of  forestry  principles  in  these  plantings.  Whether  more 
useful  kinds  can  be  found  that  may  be  grown  to  advantage,  and 
whether  methods  of  planting  can  be  devised  by  which. a  greater 
efficiency  of  the  plantation  may  be  gained,  are  problems  which  the 
division  has  taken  up  within  the  last  few  years.  Such  problems  can, 
of  course,  only  be  solved  by  actual  fieldwork,  experiment,  or  trial, 
and  hence  tlie  cooperation  of  the  State  agricultural  experiment  sta- 
tions has  been  secured  to  carry  on  such  experiments.  The  station 
autliorities  liave  placed  some  land  at  the  disposal  of  tlie  Department, 
and  the  professor  of  horticulture  or  some  other  officer  of  the  station 
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superintends,  free  of  charge,  the  labor  of  planting,  cultivating,  etc., 
while  the  Division  of  Forestry  furnishes  the  plans,  plant  material, 
and  all  expenses. 

So  far,  the  stations  of  Montana,  Utali,  Colorado,  Texas,  Oklahoma, 
Kansas,  Nebraska,  South  Dakota,  and  Minnesota  are  engaged  in  this 
cooperative  work.  In  addition,  there  are  two  planting  stations  located 
in  the  forested  regions,  namely,  one  in  Minnesota  and  one  in  Penn- 
sylvania, to  experiment  on  practical  methods  of  reforesting  cut-over 
waste  brush  lands. 

Some  fe^'  years  ago  the  writer  came  to  the  conclusion  that  the  coni- 
fers, especially  the  pines,  would  furnish  more  useful  and  otherwise 
serviceable  plant  material  for  the  arid  regions.  Not  only  are  they  of 
greater  economic  value  than  most  of  the  diciduous  trees  that  have 
been  planted,  but,  requiring  less  moisture  for  their  existence,  they 
would,  if  once  established,  i^ersist  more  readily  through  droughty 
seasons  and  be  longer  lived;  besides,  their  persistent  foliage  would 
give  more  shelter  all  the  year  round. 

A  small  trial  plantation  on  the  sandhills  of  Nebraska,  described  in 
the  annual  reports  of  the  division  for  1890  and  1891,  lent  countenance 
to  this  theory.  To  be  sure,  the  difficulty  of  establishing  the  young 
plants  in  the  first  place  is  infinitely  greater  than  would  be  experi- 
enced with  most  deciduous  trees.  A  large  amount  of  attention  was, 
therefore,  devoted  to  finding  practicable  methods  of  growing  the  seed- 
lings cheaply  for  extensive  use  and  of  protecting  them  for  the  first 
years  in  the  plantations,  for  the  transplanting  of  conifers  is  attended 
with  considerable  difficulties,  especially  in  a  dry  climate,  and  they 
require  in  the  first  years  protection  from  the  sun  and  winds.  They 
must,  therefore,  be  planted  in  mixture  with  "nurse"  trees  which 
furnish  not  too  much  and  jet  enough  shade.  It  can  not  be  said  that 
the  success  in  using  these  species  has  so  far  been  very  encouraging; 
nevertheless,  the  failures  may  be  charged  rather  to  our  lack  of  knowl- 
edge and  to  causes  which  can  be  overcome  than  to  any  inherent  inca- 
pacity of  the  species.  The  experimentations  should,  therefore,  be 
persistently  continued. 

Mixed  planting  and  close  i>lanting  are  undoubtedly  the  proper 
methods  of  establishing  quickly  forest  conditions,  when  without  fur- 
ther attention  the  plantation  will  take  care  of  itself.  But  it  is  essen- 
tial to  know  what  species  should  be  planted  together  and  how  close 
in  order  to  secure  the  best  results,  and  this  knowledge  can  onh^  come 
from  experience  and  actual  trial,  since  the  behavior  of  trees  in  regions 
in  which  they  are  not  indigenous  can  not  be  predicted  by  anj^one. 

SEED   EXCHANGE. 

There  is  one  other  cause  of  failure  which  has  rarely  been  suspected, 
and  which  it  is  most  difficult  with  the  present  practices  of  nurserymeu 
and  s,eed  dealers  to  overcome. 
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It  has  generally  been  known  that  the  hardiness  of  a  plant,  its 
capacity  for  withstanding  cold  and  drought,  is  dependent  on  what  it 
has  been  accustomed  to  endure  in  its  native  habitat.  The  seed  and 
the  plant  originating  from  that  seed  possess  no  more  hardiness  than 
the  parent  plant.  It  is,  therefore,  essential,  when  attempting  to  intro- 
duce plants  into  climates  in  which  the}'  are  not  indigenous,  to  secure 
them  from  climates  as  nearly  as  possible  like  the  one  into  which  they 
are  to  be  introduced.  With  annuals,  this  is  perhaps  less  essential 
than  with  trees  which  are  expected  to  persist  all  the  year  for  many 
years.  Yet,  no  care  has  been  taken  in  this  respect.  We  transplant 
acorns,  or  oak  seedlings,  from  the  warm,  moist  climate  of  Pennsylvania 
into  the  dry,  cold  climate  of  the  Dakotas,  or  we  use  the  seed  of  the 
Douglas  Spruce  from  the  moist,  even-tempered  Pacific  Coast  instead 
of  from  the  dry,  rigorous  climate  of  Colorado,  and  no  wonder  the 
planting  is  a  failure. 

To  demonstrate  that  this  is  so,  and  at  the  same  time  to  ascertain 
how  far  this  adaptation  to  climatic  conditions  extends,  a  seed- 
exchange  experiment  has  been  instituted,  in  which  a  large  number 
of  the  agricultural  experiment  stations  have  kindly  consented  to  par- 
ticipate. Seeds  of  the  same  species  are  collected  at  the  various  sta- 
tions and  are  exchanged  between  the  stations,  so  that  at  each  station 
the  same  species  from  all  localities  is  grown  simultaneously.  Ko 
more  striking  illustration  could  be  had  of  the  truth  of  the  law  as 
stated  than  the  rows  of  box  elder  and  ash  at  the  station  at  Grand 
Rapids,  Minn. ;  those  from  seed  gathered  in  Ontario,  fully  germinated, 
30  inches  high  the  first  year,  vigorous  and  entirely  unaffected  by 
the  first  September  frost;  by  their  side  are  the  rows  grown  from  seed 
gathered  in  Oklahoma,  a  thin  stand,  half  the  height  of  their  neighbors, 
poorly  developed,  and  the  foliage  completely  collapsed  by  the. slight 
fall  frost. 

The  conclusion  is,  that  unless  we  control  the  collection  of  the  seed 
from  most  northern  and  driest  points,  where  the  species  grows,  we 
have  neglected  a  most  essential  element  of  success  in  the  effort  of 
acclimatization. 

PLANT    INTRODUCTION. 

This  work  of  introducing  and  bringing  to  trial  new  and  untried 
species  has  been  lately  extended  to  exotic  species  in  addition  to  our 
native  ones.  It  is  i^roposed  to  sj'^stematically  collect  all  the  trees  and 
shrubs  which  exist  in  the  arid  and  subarid  regions  of  the  world  into 
arboreta,  or  trial  grounds,  located  in  different  parts  of  our  own  arid 
belts,  where  they  can  be  studied  and  observed,  and  where  finally 
those  can  bo  selected  whidi  promise  the  best  results  for  i^lanting  under 
those  untoward  conditions.  Such  systematic  effort,  carried  on  with 
persistency  and  circumspection,  must,  it  would  seem,  lead  to  the 
discovery  of  new  and  valuable  additions  to  our  economic  flora. 
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It  Stands  to  reason,  that  if  this  is  desirable  for  the  regions  which 
are  poorly  endowed  with  native  forms,  it  is  not  less  desirable  for 
more  favored  localities,  and  if  the  systematic  pi'ocediii'e  is  preferable 
to  the  haphazard  sporadic  attempts,  with  regard  to  the  introduction 
of  tree  growth,  it  is  equallj^  preferable  in  the  introduction  of  other 
economic  plants.  It  is,  therefore,  to  be  hoped  that  this  work  of 
plant  acclimatization  will  be  extended  to  all  kinds  of  plants  with 
liberal  appropriations  from  Congress,  when  the  Division  of  Forestry 
will  have  the  satisfaction  of  having  assisted  the  farmer  bj^  having 
taken  the  lead  in  this  work,  though  in  a  direction  not  exclusively  its 
own. 

PROPAGANDA. 

Besides  attention  to  technical  work,  a  large  amount  of  time  and 
effort  has  been  spent  bj^  the  members  of  the  division  in  and  out  of 
office  hours  in  forwarding  the  movement  for  a  more  rational  treat- 
ment of  our  forest  areas.  Many  lectures  before  farmers'  institutes 
and  elsewhere,  articles  in  newspapers  and  technical  journals,  and 
official  circulars  of  information  have  been  the  result. 

Thus,  in  Circular  No.  1,  addressed  to  teachers  in  public  schools,  it 
was  tried  to  enlist  them  in  the  movement.  Circular  No.  10  gives  sug- 
gestions to  lumbermen  how  to  secure  their  property  against  fire;  Cir- 
cular No.  11  attempts  by  a  succinct  statement  of  facts  and  figures 
regarding  our  forest  resource  and  wood  consumption  to  arouse  interest 
in  the  subject;  Circular  No.  13  gives  a  synopsis  of  the  more  recent  laws 
against  forest  fires,  most  of  which  were,  in  ]3art  at  least,  formubited  in 
the  division,  and  Circular  No.  17  gives  a  synopsis  of  other  legislation  on 
behalf  of  forestry  in  the  States,  also  largely  formulated  in  consultation 
with  the  division. 

FOREST   RESERVATIONS. 

The  condition  of  the  public  timber  lands  naturally  .occupied  the 
attention  of  the  division  from  an  early  time.  A  full  report  on  the 
condition  of  the  forests  in  the  Rocky  Mountain  States  was  presented 
in  Bulletin  No.  2,  published  in  1887,  and  in  the  same  year  the  writer 
formulated  a  comprehensive  bill,  with  report,  providing  for  a  rational 
and  profitable  administration  of  the  same.  This  bill,  introduced  in 
Congress,  afterward  known  as  the  Paddock  bill,  did  not  become  a 
law,  but  its  educational  effect  and  its  frequent  discussion  before  the 
Committees  on  Public  Lands,  led  finally  to  the  passage  of  a  law 
empowering  the  President  to  set  aside  forest  reservations  from  the 
public  domain.  After  some  18,000,000  acres  had  under  this  law  been 
so  reserved,  the  necessity  for  their  protection  and  administration 
was  persistently  urged,  and  finally  this  year,  besides  an  increase  in 
reservations,  legislation  attempting  to  provide  for  such  administration 
has  been  secured- 
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The  reservations  being  located  in  the  mountain  districts  of  tlie 
Western  States,  where  farming  is  largely  dependent  upon  irrigation 
by  means  of  the  waters  collected  in  the  mountains,  there  is  naturally 
a  very  close  though  indirect  relation  of  the  farming  interests  to  the 
condition  of  these  forest  areas. 

The  destruction  by  fire,  ax,  and  indiscriminate  pasturing  of  these 
mountain  forests  without  reproduction  or  reforesting  must  ultimately 
lead  to  even  worse  damage  to  agricultural  interests  than  has  been 
experienced  in  France  from  similar  maltreatment  of  the  mountain 
forests.  Where  the  farmer  relies  upon  irrigation  he  will  suffer  from 
uneven  distribution,  excess,  and  deficiency  of  water  supplies,  and, 
with  the  mountain  slopes  bared,  fioods  and  droughts  will  be  aggra- 
vated and  the  fertile  lands  below  gullied,  washed,  and  silted. 

While  at  x^resent  these  public  reservations  are  under  the  Depart- 
ment of  the  Interior,  in  the  General  Land  Oftice,  such  close  and 
important  relation  between  agricultural  interests  and  forest  condi- 
tions suggests  as  a  logical  proposition  the  ultimate  transfer  of  these 
reservations  and  their  administration  to  the  Department  of  Agricul- 
ture, which  is  charged  with  the  cultural  interests  of  the  country,  and 
to  which  the  technical  problems  involved  in  such  administration  have 
already  been  referred  by  the  creation  of  the  Division  of  Forestry. 
When  such  transfer  is  effected,  not  only  will  the  Department  of  Agri- 
culture, and  with  it  the  farming  community,  gain  in  prestige,  but  the 
farming  and  forestry  interests  by  being  under  the  same  adminis- 
trative head  will  find  increased  relation  to  each  other. 
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FORESTRY  FOR  FARMERS. 


The  following  five  chapters  have  been  written  with  the  view  of  aiding 
fanners  who  own  small  timber  tracts  or  wood  lots,  or  who  wish  to  plant 
some  part  of  their  land  to  forest.  This  country  varies  so  greatly  in  soil, 
climate,  and  flora  that  it  is  only  possible,  within  the  limits  assigned 
for  the  present  discussion,  to  outline  general  principles  everywhere 
applicable.  Nevertheless,  wherever  suggestions  have  approximated 
the  laying  down  of  rules  of  practice,  the  writer  has  had  mainly  in  mind 
the  conditions  prevalent  in  our  northeastern  States.  Moreover,  for  the 
reason  already  referred  to,  limitation  of  space,  it  has  not  been  possible 
to  give  more  than  a  comprehensive  view,  without  much  detail. 

The  succeeding  chapters  should  be  read  connectedly,  as  thej^  are 
more  or  less  interdependent.  The  first  treats  of  the  behavior  of  a 
forest  plant;  the  second,  of  the  principles  which  should  guide  the 
planter  in  setting  a  crop;  the  third,  of  the  manner  in  which  a  natural 
forest  crop  should  be  produced ;  the  fourth  points  out  how  the  crop 
should  be  managed  afterwards  in  order  to  secure  the  best  results  in 
quantity  and  quality  of  material;  while  the  fifth  chapter  is  devoted 
to  a  consideration  of  the  relation  of  forests  to  farms. 

1.  HOW   TREES   GROW. 

Trees,  like  most  other  plants,  originate  from  seed,  build  up  a  body  of 
cell  tissues,  form  foliage,  flower,  and  fruit,  and  take  up  food  material 
from  the  soil  and  air,  which  they  convert  into  cellulose  and  other  com- 
pounds, from  which  all  their  parts  are  formed.  They  rely,  like  other 
plants,  upon  moisture,  heat,  and  light  as  the  means  of  performing  the 
functions  of  growth.  Yet  there  are  some  peculiarities  in  their  behav- 
ior, their  life  and  growth,  which  require  special  attention  on  the  part  of 
a  tree  grower  or  forest  planter,  and  these  we  shall  briefly  discuss. 

FOOD   MATERIALS   AND   CONDITIONS   OF   GROWTH. 

Trees  derive  their  food  and  solid  substance  in  part  from  the  air  and 
in  part  from  the  soil.  The  solid  part  of  their  bodies  is  made  up  of 
cellulose,  which  consists  largely  of  carbon  (44  per  cent  of  its  weight), 
with  hydrogen  and  oxygen  added  in  almost  the  same  proportions  as  in 
water.    The  carbon  is  derived  from  the  carbonic  acid  of  the  air,  which 
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enters  into  the  leaves  and,  under  the  influence  of  light,  air,  and  water, 
is  there  decomposed j  the  oxygen  is  exhaled;  the  carbon  is  retained  and 
combined  with  elements  derived  from  the  water,  forming  compounds, 
such  as  starch,  sugar,  etc.,  which  are  used  as  food  materials,  passing 
down  the  tree  through  its  outer  layers  to  the  very  tips  of  the  roots, 
making  new  wood  all  along  the  branches,  trunk,  and  roots. 

This  process  of  food  preparation,  called  *' assimilation,"  can  be  car- 
ried on  only  in  the  green  parts,  and  in  these  only  when  exposed  to  light 
and  air;  hence  foliage,  air,  and  light  at  the  top  are  essential  prerequi- 
sites for  tree  growth,  and  hence,  other  conditions  being  favorable,  the 
more  foliage  and  the  better  developed  it  is,  and  the  more  light  this 
foliage  has  at  its  disposal  for  its  work,  the  more  vigorously  will  the 
tree  grow. 

In  general,  therefore,  pruning,  since  it  reduces  the  amount  of  foliage, 
reduces  also,  for  the  time,  the  amount  of  wood  formed;  and  just  so 
shading,  reducing  the  activity  of  foliage,  reduces  the  growth  of  wood. 

SOIL  CONDITIONS. 

From  the  soil  trees  take  mainly  water,  which  enters  through  the 
roots  and  is  carried  through  the  younger  part  of  the  tree  to  the  leaves, 
to  be  used  in  part  on  its  passage  for  food  and  wood  formation  and  in 
part  to  be  given  up  to  the  air  by  transpiration. 

In  a  vigorously  growing  tree  the  solid  wood  substance  itself  will  con- 
tain half  its  weight  in  the  form  of  water  chemically  combined,  and  the 
tree,  in  addition,  will  contain  from  40  to  65  per  cent  and  more  of  its  dry 
weight  in  water  mechanically  or  '^hygroscopically"  held.  This  last, 
when  the  tree  is  cut,  very  largely  evaporates;  yet  well-seasoned  wood 
still  contains  10  to  12  per  cent  of  such  water.  The  weight  of  a  green 
tree,  a  pine,  for  instance,  is  made  up,  in  round  numbers,  of  about  30  per 
cent  of  carbon  and  70  per  cent  or  water,  either  chemically  or  hygroscop- 
ically  held,  while  a  birch  contains  a  still  larger  percentage  of  water. 

The  largest  part  of  the  water  which  passes  through  the  tree  is  tran- 
spired— i.  e.,  given  off  to  the  air  in  vapor.  The  amounts  thus  transpired 
during  the  season  vary  greatly  with  the  species  of  tree,  its  age,  the 
amount  of  foliage  at  work,  the  amount  of  light  at  its  disposal,  the  cli- 
matic conditions  (rain,  temperature,  winds,  relative  humidity),  and  the 
season.  These  amounts  are,  however,  very  large  when  compared  with 
the  quantity  retained;  so  that  while  an  acre  of  forest  may  store  in  its 
trees,  say,  1,000  pounds  of  carbon,  15  to  20  pounds  of  mineral  sub- 
stances, and  5,000  i^ounds  of  water  in  a  year,  it  will  have  transpired— 
taken  up  from  the  soil  and  returned  to  the  air — from  500,000  to  1,500,000 
pounds  of  water  (one-quarter  to  one-half  as  much  as  agricultural  crops). 

Mineral  substances  are  taken  up  only  in  very  small  quantities,  and 
these  are  mostly  the  commoner  sorts,  such  as  lime,  potash,  magnesia, 
and  nitrogen.  These  are  caiTied  in  solution  to  the  leaves,  where  they 
are  used  (as  perhaps  also  on  their  passage  through  the  tree),  with  a 


part  of  the  water,  in  food  preparation.  The  main  part  of  the  mineral 
substances  taken  up  remains,  however,  as  the  water  transpires,  in  the 
leaves  and  young  twigs,  and  is  returned  to  the  soil  when  the  leaves 
are  shed  or  when  the  tree  is  cut  and  the  brush  left  to  decompose  and 

make  humus. 

« 

Hence  the  improvement  of  the  fertility  of  the  soil  by  wood  crops  is 
explained,  the  minerals  being  returned  in  more  soluble  form  to  the  soil; 
as  also  the  fact  that  wood  crops  do  not  exhaust  the  soil  of  its  minerals, 
provided  the  leaves  and  litter  are  allowed  to  remain  on  the  ground. 

For  this  reason  there  is  no  necessity  of  alternating  wood  crops,  as 
far  as  their  mineral  needs  are  concerned;  the  same  kind  of  trees  can  be 
grown  on  the  same  soil  continuously,  provided  the  soil  is  not  allowed 
to  deteriorate  from  other  causes. 

As  the  foliage  can  perform  its  work  of  food  assimilation  only  when 
sufficient  water  is  at  its  disposal,  the  amount  of  growth  is  also  dependent 
not  only  on  the  presence  of  sufficient  sources  of  supply,  but  also  on  the 
opportunity  had  by  the  roots  to  utilize  the  supply,  and  this  opportunity 
is  dependent  upon  the  condition  of  the  soil.  If  the  soil  is  compact,  so 
that  the  rain  water  can  not  penetrate  readily,  and  runs  off  superficially, 
or  if  it  is  of  coarse  grain  and  so  deep  that  the  water  rapidly  sinks  out 
of  reach  of  the  roots  and  can  not  be  drawn  up  by  capillary  action,  the 
water  supply  is  of  no  avail  to  the  plants;  but  if  the  soil  is  porous  and 
moderately  deep  (depth  being  the  distance  from  the  surface  to  the  impen- 
etrable subsoil,  rock,  or  ground  water)  the  water  not  only  can  penetrate 
but  also  can  readily  be  reached  and  taken  up  by  the  roots. 

The  moisture  of  the  soil  being  the  most  important  element  in  it  for 
tree  growth,  the  greatest  attention  must  be  given  to  its  conservation 
and  most  advantageous  distribution  through  the  soil. 

No  trees  grow  to  the  best  advantage  in  very  dry  or  very  wet  soil, 
although  some  can  hve  and  almost  thrive  in  such  unfavorable  situa- 
tions. A  moderately  but  evenly  moist  soil,  porous  and  deep  enough  or 
fissured  enough  to  be  well  drained,  and  yet  of  such  a  structure  that 
the  water  supplies  from  the  depths  can  readily  be  drawn  up  and  be- 
come available  to  the  roots — that  is  the  soil  on  which  all  trees  grow 
most  thriftily. 

The  agriculturist  procures  this  condition  of  the  soil  as  far  as  possible 
by  plowing,  drainage,  and  irrigation,  and  he  tries  by  cultivating  to 
keep  the  soil  from  compacting  again,  as  it  does  under  the  influence  of 
the  beating  rain  and  of  the  drying  out  of  the  upper  layers  by  sun  and 
wind. 

The  forest  grower  can  not  rely  upon  such  methods,  because  they  are 
either  too  expensive  or  entirely  impracticable.  He  may,  indeed,  plow 
for  his  first  planting,  and  cultivate  the  young  trees,  but  in  a  few  years 
this  last  operation  will  become  impossible  and  the  effects  of  the  first 
operation  will  be  lost.  He  must,  therefore,  attain  his  object  in  another 
manner,  namely,  by  shading  and  mulching  the  soil.    The  shading  is 


done  at  first  by  planting  very  closely,  so  that  the  ground  may  be  pro- 
tected as  soon  as  possible  from  sun  and  wind,  and  by  maintaining  the 
shade  well  throughout  the  period  of  growth.  This  shade  is  maintained, 
if  necessary,  by  more  planting,  and  in  case  the  main  crop  in  later  life 
thins  out  inordinately  in  the  crowns  or  tops,  or  by  the  accidental  death 
of  trees,  it  may  even  become  desirable  to  introduce  an  underbrush. 

The  mulching  is  done  by  allowing  tbe  fallen  leaves  and  twigs  to 
remain  and  decay,  and  form  a  cover  of  rich  mold  or  humus.  This  pro- 
tective cover  permits  the  rain  and  snow  waters  to  penetrate  without  at 
the  same  time  compacting  the  soil,  keeping  it  granular  and  in  best 
condition  for  conducting  water,  and  at  the  same  time  preventing  evapo- 
ration at  the  surface. 

The  soil  moisture,  therefore,  is  best  maintained  by  proper  vsoil  cover, 
which,  however,  is  needful  only  in  naturally  dry  soils.  Wet  soils, 
although  supporting  tree  growth,  do  not,  if  constantly  wet,  produce 
satisfactory  wood  crops,  the  growth  being  very  slow.  Hence  they  must 
be  drained  and  their  water  level  sunk  below  the  depth  of  the  root 
system. 

Irrigation  is  generally  too  expensive  to  be  applied  to  wood  crops, 
except  perhaps  in  the  arid  regions,  where  the  benefit  of  the  shelter  belt 
may  warrant  the  expense. 

Attention  to  favorable  moisture  conditions  in  the  soil  requires  the 
selection  of  such  kinds  of  trees  as  shade  well  for  a  long  time,  to  plant 
closely,  to  protect  the  woody  undergrowth  (but  not  weeds),  and  to  leave 
the  litter  on  the  ground  as  a  mulch. 

Difierent  species,  to  be  sure,  adapt  themselves  to  different  degrees 
of  soil  moisture,  and  the  crop  should  therefore  be  selected  with  refer- 
ence to  its  adaptation  to  available  moisture  supplies. 

While,  as  stated,  all  trees  thrive  best  with  a  moderate  and  even  supply 
of  moisture,  some  can  get  along  with  very  little,  like  the  conifers,  espe- 
cially pines;  others  can  exist  even  with  an  excessive  supply,  as  the  bald 
cypress,  honey  locust,  some  oaks,  etc.  The  climate,  however,  must  also 
be  considered  in  this  connection,  for  a  tree  species,  although  succeed- 
ing well  enough  on  a  dry  soil  in  an  atmosphere  which  does  not  require 
much  transpiration,  may  not  do  so  in  a  drier  climate  on  the  same 
soil. 

In  the  selection  of  different  kinds  of  trees  for  different  soils,  the 
water  conditions  of  the  soil  should,  therefore,  determine  the  choice. 

LIGHT   CONDITIONS. 

To  insure  the  largest  amount  of  growth,  full  enjoyment  of  sunlight 
is  needed.  But  as  light  is  almost  always  accompanied  by  heat  and 
relative  dryness  of  air,  which  demands  water  from  the  plant,  and  may 
increase  transpiration  from  the  leaves  inordinately,  making  them  pump 
too  hard,  as  it  were,  young  seedlings  of  tree  species  whose  foliage  is  not 
built  for  such  strains  require  partial  shading  for  the  first  year  or  two. 
The  conifers  belong  to  this  class. 


Ill  later  life  the  light  conditions  exert  a  threefold  influence  on  the 
development  of  the  tree,  namely,  with  reference  to  soil  conditions, 
with  reference  to  form  development,  and  with  reference  to  amount  of 
growth. 

The  art  of  the  forester  consists  in  regulating  the  light  conditions  so 
as  to  secure  the  full  benefit  of  the  stimulating  effect  of  light  on  growth, 
without  its  deteriorating  influences  on  the  soil  and  on  form  develop- 
ment. 

As  we  have  seen,  shade  is  desirable  in  order  to  preserve  soil  moisture* 
Kow,  while  young  trees  of  all  kinds,  during  the  "brush"  Stage  of  devel- 
opment, have  a  rather  dense  foliage,  as  they  grow  older  they  vary  in 
habit,  especially  when  growing  in  the  forest.  Some,  like  the  beech, 
the  sugar  maple,  the  hemlock,  and  the  spruce,  keep  up  a  dense  crown; 
others,  like  the  chestnut,  the  oaks,  the  walnut,  tlie  tulip  tree,  and  the 
white  pine,  thin  out  more  and  more,  and  when  fully  grown  have  a  much 
less  dense  foliage;  finally,  there  are  some  which  do  not  keep  up  a  dense 
shade  for  any  length  of  time,  like  the  black  and  honey  locust,  with 
their  small,  thin  leaves;  the  catalpa,  with  its  large  but  few  leaves  at 
the  end  of  the  branchlets  only,  and  the  larch,  with  its  short,  scattered 
bunches  of  needles.  So  we  can  establish  a  comparative  scale  of  trees 
with  reference  to  the  amount  of  shade  which  they  can  give  continu- 
ously, as  densely  foliaged  and  thinly  foliaged,  in  various  gradations.  If 
we  planted  all  beech  or  sugar  maple,  the  desirable  shading  of  the  soil 
would  never  be  lacking,  while  if  we  planted  all  locust  or  catalpa  the 
sun  would  soon  reach  the  soil  and  dry  it  out,  or  permit  a  growth  of 
grass  or  weeds,  which  is  worse,  because  these  transpire  still  larger  quan- 
tities of  water  than  the  bare  ground  evaporates  or  an  undergrowth  of 
woody  plants  would  transpire.  Of  course,  a  densely  foliaged  tree  has 
many  more  leaves  to  shed  than  a  thinly  foliaged  one,  and  therefore 
makes  more  litter,  which  increases  the  favorable  mulch  cover  of  the  soil. 
Another  reason  for  keeping  the  ground  well  shaded  is  that  the  litter 
then  decomposes  slowly,  but  into  a  desirable  humus,  which  £cts  favora- 
bly upon  the  soil,  while  if  the  litter  is  exposed  to  light,  an  undesirable, 
partly  decomposed  '^raw''  humus  is  apt  to  be  formed. 

Favorable  soil  conditions,  then,  require  shade,  while  wood  growth 
is  increased  by  full  enjoyment  of  light;  to  satisfy  both  requirements, 
mixed  planting,  with  proper  selection  of  shade-enduring  and  light- 
needing  species,  is  resorted  to. 

As  the  different  species  afford  shade  in  different  degrees,  so  they 
require  for  their  development  different  degrees  of  light.  The  dense 
foliage  of  the  beech,  with  a  large  number  of  leaves  in  the  interior  of 
the  crown,  i)roves  that  the  leaves  can  exist  and  perform  their  work  with 
a  small  amount  of  light;  the  beech  is  a  shade-enduring  tree.  The 
scanty  foliage  of  the  birches,  poplars,  or  pines  shows  that  these  are 
light  needing  trees;  hence  they  are  never  found  under  the  dense  shade 
of  the  former,  while  the  shade-enduring  can  develop  satisfactorily 


under  the  light  shade  of  the  thin-foliaged  kinds.  Very  favorable  soil 
conditions  increase  the  shade  endurance  of  the  latter,  and  climatic 
conditions  also  modify  their  relative  position  in  the  scale. 

All  trees  ultimately  tlirive  best — i.  e.,  grow  most  vigorously — ^in  the 
fiiU  enjoyment  of  light,  but  their  energy  then  goes  into  branching. 
Crowded  together,  with  the  side  light  cut  off,  the  lower  lateral  branches 
soon  die  and  fall,  while  the  main  energy  of  growth  is  put  into  the 
shaft  and  the  height  growth  is  stimulated.  The  denser  shade  of  the 
shade-enduring  kinds,  if  placedr  as  neighbors  to  light-needing  ones,  is 
most  effective  in  producing  this  result,  provided  that  the  light  is  not 
cut  oft*  at  the  top  5  and  thus,  in  practice,  advantage  is  taken  of  the 
relative  requirements  for  light  of  the  various  species.^ 

The  forester  finds  in  close  planting  and  in  mi'^ed  growth  a  means  of 
securing  tall,  clear  trunks,  free  from  knots,  and  he  is  able,  moreover, 
by  proper  regulation  of  light  conditions,  to  influence  the  form  develop- 
ment, and  also  the  quality  of  his  crop,  since  slow  growth  and  rapid 
growth  produce  wood  of  different  character. 

There  are  some  species  which,  although  light  foliaged  and  giving 
comparatively  little  shade,  are  yet  shade  enduring — ^i.  e.,  can  subsist, 
although  not  develop  favorably,  under  shade;  the  oaks  are  examples  of 
this  kind.  Others,  like  the  black  cherry,  bear  a  dense  crown  for  the 
first  twenty  years,  perhaps,  seemingly  indicating  great  shade  endur- 
ance; but  the  fact  that  the  species  named  soon  clears  itself  of  its 
branches  and  finally  has  a  thin  crown,  indicates  that  it  is  light  needing, 
though  a  good  shader  for  the  first  period  of  its  life.  Others,  again,  like 
the  catalpa,  which  is  shady  and  shade  enduring,  as  the  difficulty  with 
which  it  clears  itself  indicates,  leaf  out  so  late  and  lose  their  foliage 
so  early  that  their  shading  value  is  thereby  impaired.  Black  locust 
and  honey  locust,  on  the  other  hand,  leave  no  doubt  either  as  to  their 
light-needing  or  their  inferior  shading  quality. 

That  soil  conditions  and  climatic  conditions  also  modify  crown  devel- 
opment and  shade  endurance  has  been  well  recognized  abroad,  but  in 
our  country  this  influence  is  of  much  more  importance  on  account  of 
the  great  variation  in  those  conditions.  Thus  the  box  elder,  an  excel- 
lent shader  in  certain  portions  of  the  West,  is  a  failure  as  soil  cover  in 
others  where  it  nevertheless  will  grow. 

We  see,  then,  that  in  determining  the  shading  value  as  well  as  the 
shade  endurance  of  one  species  in  comparison  with  another,  with  refer- 
ence to  forestry  purposes,  not  only  soil  and  climate  but  also  the  char- 
acter of  foliage  and  its  length  of  season  must  be  considered. 


*Thi8  relation  of  the  different  species  to  varying  light  conditions,  their  compara- 
tive shading  value  and  Bhade  endurance,  is  one  of  the  most  important  facts  to  he 
observed  and  utilized  by  the  forester.  European  foresters  have  done  this,  but  since 
they  had  to  deal  with  only  a  few  species  and  over  a  limited  territory,  they  could 
quite  readily  classify  their  trees  with  reference  to  their  shade  endurance,  and  take 
it  for  granted  that  shade  endurance  and  density  of  foliage  or  shading  value  were 
more  or  less  identical.  With  our  great  wealth  of  useful  species  it  will  be  necessary 
and  profitable  to  be  more  exact  in  the  classifutation. 


PHYSIOLOGY  OF   TREE   GROWTH. 

As  we  have  seen,  root  and  foliage  are  the  main  life  organs  of  the 
tree.  The  trunk  and  branches  serve  to  carry  the  crown  upward  and 
expose  it  to  the  light,  which  is  necessary  in  order  to  prepare  the  food 
and  increase  the  volume  of  the  tree,  and  also  as  conductors  of  food 
materials  up  and  down  between  root  and  foliage.  A  large  part  of  the 
roots,  too,  aside  from  giving  stability  to  the  tree,  serve  only  as  conductors 
of  water  and  food  material ;  only  the  youngest  parts,  the  fibrous  roots, 
beset  with  innumerable  fine  hairs,  serve  to  take  up  the  water  and  min- 
erals from  the  soil.  These  fine  roots,  root  hairs,  and  young  parts  are 
theretbre  the  essential  portion  of  the  root  system.  A  tree  may  have  a 
fine,  vigorous-looking  root  system,  yet  if  the  young  parts  and  fibrous 
roots  are  cut  off  or  allowed  to  dry  out,  which  they  readily  do — some 
kinds  more  so  than  others — thereby  losing  their  power  to  take  up  water, 
such  a  tree  is  apt  to  die.  Under  very  favorable  moisture  and  tempera- 
ture conditions,  however,  the  old  roots  may  throw  out  new  sjirouts  and 
replace  the  fibrous  roots.  Some  species,  like  the  willows,  poplars, 
locusts,  and  others,  are  especially  capable  of  doing  so.  All  trees  that 
"transplant  easily"  probably  possess  this  capacity  of  renewing  the 
fibrous  roots  readily,  or  else  are  less  subject  to  drying  out.  But  it  may 
be  stated  as  a  probable  fact  that  most  transplanted  trees  which  die 
soon  atter  the  planting  do  so  because  the  fibrous  roots  have  been  cur- 
tailed too  much  in  taking  up,  or  else  have  been  allowed  to  dry  out  on 
the  way  from  the  nursery  or  forest  to  the  place  of  planting;  they  were 
really  dead  before  being  set.  Conifers — opines,  spruces,  etc. — are  espe- 
cially sensitive;  maples,  oaks,  catalpas,  and  apples  will,  in  this  respect, 
stand  a  good  deal  of  abuse. 

Hence,  in  transplanting,  the  first  and  foremost  care  of  the  forest 
grower,  besides  taking  the  sapling  up  with  least  injury,  is  the  proper 
protection  of  its  root  fibers  against  drying  out. 

The  water,  with  the  minerals  in  solution,  is  taken  up  by  the  roots 
when  the  soil  is  warm  enough,  but  to  enable  the  roots  to  act  they  must 
be  closely  packed  with  the  soil.  It  is  conveyed  mostly  through  the  outer, 
which  are  the  younger,  layers  of  the  wood  of  root,  trunk,  and  branches 
to  the  leaves.  Here,  as  we  have  seen,  under  the  influence  of  light  and 
heat  it  is  in  large  part  transpired  and  in  part  combined  with  the  carbon 
into  organic  compounds,  sugar,  etc.,  which  serve  as  food  materials. 
These  travel  from  the  leaf  into  the  branchlet,  and  down  through  the 
outer  layers  of  the  trunk  to  the  very  tips  of  the  root,  forming  new  wood 
all  the  way,  new  buds,  which  lengthen  into  shoots,  leaves,  and  flowers, 
and  also  new  rootlets.  To  live  and  grow,  therefore,  the  roots  need  the 
food  elaborated  in  the  leaves,  just  as  the  leaves  need  the  water  sent  up 
from  the  roots. 

Hence  the  interdependence  of  root  system  and  crown,  which  must  be 
kept  in  proportion  when  transplanting.  At  least,  the  root  system  must 
be  sufiicieut  to  supply  the  needs  of  the  crown. 
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SAP  UP  AND  SAP  DOWN. 


The  growing  tree,  in  all  its  parts,  is  more  or  less  saturated  with 
water,  and  as  the  leaves,  under  the  influence  of  sun  and  wind  and 
atmospheric  conditions  generally  transpire,  new  supplies  are  taken  in 
through  the  roots  and  conveyed  to  the  crown.  This  movement  takes 
place  even  in  winter,  in  a  slight  degree,  to  supply  the  loss  of  water  by 
evaporation  from  the  branches.    In  the  growing  season  it  is  so  active  as 

to  become  noticeable;  hence 
the  saying  that  the  sap  is 
"up,''  or  "rising,"  and  when, 
toward  the  end  of  the  season, 
the  movement  becomes  less, 
the  sap  is  said  to  be  "down." 
But  this  movement  of  water 
is  always  upward ;  hence  the 
notion  that  there  is  a  stream 
upward  at  one  season  and  in 
one  part  of  the  tree,  and  a 
stream  downward  at  another 
season  and  perhaps  in  another 
part  of  the  tree,  is  erroneous. 
The  downward  movement  is 
of  food  materials,  and  the  two 
movements  of  water  upward 
and  food  downward  take  place 
simultaneously,  and  depend, 
in  part  at  least,  one  upon  the 
other,  the  food  being  carried 
to  the  young  parts,  wherever 
required,  by  a  process  of  diifu- 
sion  from  cell  to  cell  known*  as 
"  osmosis." 

These  food  materials  are, 
by  the  life  i^rocesses  of  the 
active  cells,  changed  in  chem- 
ical composition  as  need  be, 
from  sugar,  which  is  soluble, 
into  starch,  which  is  insoluble, 
and  back  into  sugar,  and  com- 
bined with  nitrogenous  substances  to  make  the  cell-forming  material, 
protoplasm  (tig.  1). 

In  the  fall,  when  the  leaves  cease  to  elaborate  food,  both  the  upward 
and  the  downward  movement,  more  or  less  simultaneously,  come  to 
rest  (the  surplus  of  food  materials,  as  starch,  and  sometimes  as  sugar, 
being  stored  for  the  winter  in  certain  cell  tissues),  to  begin  again  simul- 
taneously when  in  spring  the  temi)erature  is  high  enough  to  reawaken 


Fia.  1.— Physiologif-al  importance  of  tlifterent  parts  of 
the  tree;  pathMavHof  water  jumI  fooil  materials.  (Sche- 
matic.) 
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activity,  when  tlie  stored  food  of  last  year  is  dissolved  and  started  on 
its  voyage.  The  exact  manner  in  which  this  movement  of  water  upward 
and  food  materials  downward  takes  place,  and  the  forces  at  work,  are 
not  yet  fully  understood,  nor  is  there  absolute  certainty  as  to  the  parts 
of  the  tree  in  which  the  movement  takes  place.  It  appears,  however, 
that  while  all  the  so-called  *' sap  wood"  is  capable  of  conducting  water 
(the  heartwood  is  probably  not),  the  most  active  movement  of  both 
water  and  food  materials  takes  place  in  the  cambium  (the  growing 
cells  immediately  beneath  the  bark)  and  youngest  parts  of  the  bark. 

The  deductions  from  these  processes  important  to  the  i>lanter  are : 
That  injury  to  the  living  bark  or  bast  means  injury  to  growth,  if  not 
destruction  to  life;  that  during  the  period  of  vegetation  transplanting 
can  be  done  only  with  great  caution;  that  the  best  time  to  move  trees 
is  in  the  fall,  when  the  leaves  have  dropped  and  the  ifiovement  of  water 
and  food  materials  has  mostly  ceased,  or  in  spring,  before  the  move- 
ment begins  again,  the  winter  being  objectionable  only  because  of  the 
difficulty  of  working  the  soil  and  of  keeping  the  roots  protected  against 
frost.  All  things  considered,  spring  planting,  before  activity  in  the 
tree  has  begun,  is  the  best,  although  it  is  not  impossible  to  plant  at 
other  times. 

PROGRESS   OF   DEVELOPMENT. 

Like  the  wheat  or  corn  plant,  the  tree  seed  require  as  conditions  for 
sprouting  sufBcient  moisture,  warmth,  and  air.  Tree  seeds,  however, 
difler  from  grain  in  that  most  of  the  kinds  lose  their  power  of  germi- 
nation easily;  with  few  exceptions  (locust,  pine,  spruce),  they  can  not 
be  kept  for  any  length  of  time. 

The  first  leaves  formed  often  differ  essentially  in  shape  from  those  of 
the  mature  tree,  which  may  cause  their  being  confounded  with  other 
plants,  weeds,  etc. 

The  little  seedlings  of  many,  especially  the  conifers,  are  quite  delicate, 
and  remain  very  small  the  first  season;  they  need,  therefore,  the  pro- 
tecting shade  of  mother  trees,  or  artificial  shading,  and  also  protection 
against  weeds.  The  amount  of  light  or  shade  given  requires  careful 
regulation  for  some  of  them;  too  much  light  and  heat  will  kill  them, 
and  so  will  too  much  shade.  This  accounts  for  the  failure  of  many 
seedlings  that  spring  up  in  the  virgin  forest. 

The  planter,  then,  is  required  to  know  the  nature  and  the  needs  of 
the  various  kinds  of  seeds  and  seedlings,  so  as  to  provide  favorable 
conditions,  when  he  will  avoid  sowing  in  the  open  field  such  as  require 
the  care  which  it  is  impracticable  to  give  outside  of  the  nursery. 

GROWTH  IN  LENGTH  AND  RAMIFICATION. 

While  the  stalk  of  wheat  or  corn  grows  for  one  season,  exhausts 
itself  in  seed  production,  and  then  dies,  the  tree  continues  to  grow 
from  season  to  season,  in  length  as  well  as  in  thickness.      The  growth 
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in  length  of  shaft  and  branches  proceeds  from  buds,  made  up  t 
cell  tissues,  which  can  subdivide  aud  lengthen  into  shoots,,  as  well 
as  make  leaves.  These  buds  are  formed  during  summer,  and  when 
winter  begins  contain  embryo  leaves,  more  or  less  developed,  under 
the  protecting  cover  of  scales  (fig.  3).  When  spring  stimulates  the 
young  plant  to  new  activity,  the  buds  swell,  shed  their  scales,  dis- 


FlG.  2. — Bud  developmeut  of  beech.  B,  as  it  would  be 
if  all  formed  buds  were  to  live;  A,  as  it  is,  many  buds 
failing  to  develop. 

tend  their  cells,  increasing  their  number 
by  subdivision,  and  thus  the  leaves  ex- 
pand, and  the  bud  lengthens  into  a 
shoot  and  twig.  During  the  season  new 
buds  are  formed,  and  the  whole  process 
repeats  itself  from  year  to  year,  giving 
rise  to  the  ramification  and  height 
growth  of  the  tree.  The  end  buds  being 
mostly  stronger  and  better  developed, 
the  main  axis  of  tree  or  branch  increases 
more  rapidly  than  the  rest.  All  these 
buds  originate  from  the  youngest,  central 
part  of  the  shoot,  the  pith,  and  hence 
when  the  tree  grows  in  thickness,  envel- 
oping the  base  of  the  limbs,  their  connection  with  the  pith  can  always 
be  traced.  This  is  the  usual  manner  of  bud  formation;  in  addition, 
so-called  ** adventitious"  buds  maybe  formed  from  the  younjr  living 
wood  in  later  life,  which  are  not  connected  with  the  pith.  Such  buds 
are  those  which  develop  into  sprouts  from  the  stump  when  the  tree  is 


Fig.  3.— Buds  of  maple.  .4,  lougitiidiual 
section  througli  tip  of  a  maple  twig; 
g,  end  bud;  «,  lateral  buds;  I,  scars  of 
leaves  «»f  last  season.  B,  cross  section 
through  end  bud,  showing  folded  leaves 
in  center  aud  scales  surrounding  them. 
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cut:  also  those  which  give  rise  to  what  are  known  as  "water  spronts.'^ 
Many  buds,  although  formed,  are,  however,  not  developed  at  once,  and 
perhaps  not  at  all,  especially  as  the  tree  grows  older ;  these  either  die 
or  remain  '^dormant,"  often  for  a  hundred  years,  to  spring  into  life 
^hen  necessary  (fig.  4). 

The  fact  that  each  ordinary  limb  starts  as  a  bud  from  the  pith  is  an 
important  one  to  the  timber  grower;  it  explains  knotty  timber  and 
gives  him  the  hint  that  in  order  to  obtain  clear  timber  the  branches 


irt 


Fig.  5.— Section  through  a  12-year  ohl  stem 
of  beech,  showing  manner  of  bud  and  limb 
formation,  a,  dormant  buds;  b,  their  trace 
of  pith  extending  to  the  pith  of  the  stem; 
c,  a  limb  which  started  two  years  ago  from 
a  dormant  bud;  d,  normal  limb;  e,  a  limb 
dead  for  four  years;  /,  adventitious  buds. 


JTh 

Fig.  4.— Dormant  bud,  K,  on  a  12-year  old  branch  of 
beech.  The  bud  is  still  capable  of  development 
and  is  connected  with  the  pith,  mm,  of  the  stem  by 
a  line  trace  of  pith,  S. 

first  formed  must  be  soon  removed, 
either  by  the  knife  or  by  iDroper 
shading,  which  kills  the  branches  and 
thus  '* clears"  the  shaft. 

The  planter  has  it  also  in  his  power 
to  influence  the  form  development  of 
the  tree  by  removing  some  of  the 
buds,  giving  thereby  better  chance  to  the  remaining  ones.  This 
pruning  of  buds  is,  where  practicable,  often  better  practice  than  the 
pruning  of  limbs. 

Since  the  tree  does  not  grow  in  length  except  by  its  buds  it  is  evi- 
dent that  a  limb  which  started  to  grow  at  the  height  of  6  feet  has  its 
base  always  6  feet  from  the  ground,  and  if  allowed  to  grow  to  size, 
must  be  surrounded  bj'  the  wood  which  accumulates  on  the  main  stem 
or  trunk.  If  a  limb  is  killed  and  broken  off  early,  only  a  slender  stub 
composed  entirely  of  rapidly  decaying  sapwood,  is  left,  occasioning, 
therefore,  only  a  small  defect  in  the  heart  of  the  tree;  but  if  left  to 
grow  to  considerable  age,  the  base  of  the  limb  is  incased  by  the  wood  of 
the  stem,  which,  when  the  tree  is  cut  into  lumber,  appears  as  a  knot. 
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The  longer  the  limb  has  been  allowed  to  grow,  the  farther  out  is  the  tim- 
ber knotty  and  the  thicker  is  the  knot.  If  the  limb  remained  alive,  the 
knot  is  "  sound,"  closely  grown  together  with  the  fibers  of  the  tree.  If 
the  limb  died  off,  the  remaining  stub  may  behave  in  different  ways.  In 
pines  it  will  be  largely  composed  of  heartwood,  very  resinous  and  dura- 
ble; sei^arated  from  the  fibers  of  the  overgrowing  wood,  it  forms  a 
"loose''  knot,  which  is  apt  to  fall  out  of  a  board,  leaving  a  hole. 

In  broad-leaved  trees,  where  no  resin  assists  in  the  process  of  heal- 
ing, the  stub  is  apt  to  decay,  and  this  decay,  caused  by  the  growth  of 
fungi,  is  apt  to  penetrate  into  the  tree  (fig.  6).  In  parks  and  orchards, 
l)runing  is  resorted  to,  and  the  cuts  are  painted  or  tarred  to  avoid  the 
decay.  In  well  managed  forests  and  dense  woods  in  general,  the  light 
is  cut  off,  the  limb  is  killed  when  young  and  breaks  away,  the  shaft 
"clears  itself,"  and  the  sound  trunk  furnishes  a  good  grade  of  material. 
The  difference  in  development  of  the  branch  system,  whether  in  full 

enjoyment  of  light,  in  open  stand, 
or  with  the  side  light  cut  off,  in 
dense  position,  is  shown  in  the 
accompanying  illustration  (fig. 
7). 

Both  trees  start  alike ;  the  one 
retains  its  branches,  the  other 
loses  them  gradually,  the  stubs 
being  in  time  overgrown;  finally 
the  second  has  a  clear  shaft,  with 
a  crown  concentrated  at  the  top, 
while  the  first  is  beset  with 
branches  and  branch  stubs  for  its 
whole  length  (fig.  8). 

When  ripped  open  lengthwise, 
the  interior  exhibits  the  condi- 
tion shown  in  figure  9,  the  dead 
parts  of  the  knot  being  indicated 
in  heavier  shading.  Since  the  branches  grow  in  more  or  less  regular 
whorls,  several  knots,  stumps,  or  limbs  are  met  every  6  to  24  inches 
through  the  entire  stem. 

Hence,  in  forest  planting,  trees  are  placed  and  kept  for  some  time  close 
together,  in  order  to  decrease  the  branching  in  the  lower  part  of  the 
tree  and  thus  produce  a  clean  bole  and  clear  lumber. 

GROWTH  IN  THICKNESS. 

The  young  seedling  and  the  young  shoot  of  the  older  tree  much 
resemble  in  interior*  structure  that  of  any  herbaceous  plant,  being 
composed  of  a  large  amount  of  i)ith,  loose  squarish  cells,  and  a  few 
bundles  of  long  fibers  symmetrically  distributed  about  the  center,  the 
whole  covered  with  a  thin  skin  or  epidermis.     Ea^h  strand  <u'  bundle  of 


Fig.  G.— Section  through  a  partly  decayed  knot  in 
oak  wood,  a,  wood  of  the  knot;  6  and  c,  wood  cal- 
lus of  the  stem  covering  the  wound ;  shaded  portion, 
decayed  wood ;  black  part,  a  cavity  remaining. 
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fibers,  called  flbro-vascular  (fiber- vessel)  bundles,  consists  of  two  kinds, 
namely,  wood  fibers  on  the  inner  side  and  bast  fibers  of  difl'erent 
structure  on  the  outer  side.  Between  these  two  sets  of  fibers,  the  bast 
and  the  wood,  there  is  a  row  of  cells  which  form  the  really  active, 
growing  part  of  the  plantlet,  the  cambium.  The  cambium  cells  are 
actively  subdividing  and  expanding,  giving  off  wood  cells  to  the  inte- 
rior and  bast  cells  to  the  exterior,  and  extending  at  the  same  time  side- 
wise,  until  at  the  end  of  the  season  not  only  are  the  wood  and  bast 
portions  increased  in  lines  radiating  from  the  center,  but  the  cambium 
layer,  the  wood  cells,  and  the 
bast  cells  of  all  the  bundles 
(scattered  at  the  beginning)  join 
at  the  sides  to  form  a  complete 
ring,  or  rather  hollow  cylinder, 
around  the  central  pith.  Only 
here  and  there  the  pith  cells 
remain,  interrupting  the  wood 
cylinder  and  giving  rise  to  the 
system  of  cells  known  as  med- 
ullary rays.  The  cross  section 
now  shows  a  comparatively 
small  amount  of  pith  and  bast 
or  bark  and  a  larger  body  of 
strong  wood  fibers.  The  new 
shoot  at  the  end,  to  be  sure, 
has  the  same  appearance  and 
arrangement  as  the  young 
plantlet  had,  the  pith  prepon- 
derating, and  the  continuous 
cylinder  of  cambium,  bast,  and 
wood  being  separated  into 
strands  or  bundles. 

During  the  season,  through 
the  activity  of  the  cambial  part 
of  the  bundles,  the  same  changes 
take  place  in  the  new  shoot  as 
did  the  previous  year  in  the 
young  seedling,  while  at  the 
same  time  the  cambium  in  the 
yearling  part  also  actively  sub- 
divides, forming  new  wood  and  bast  cells,  and  thus  a  second  ring,  or 
rather  cylinder,  is  formed.  The  cambium  of  the  young  shoot  is  always 
a  continuation  of  that  of  the  ring  or  cylinder  formed  the  year  before, 
and  this  cambium  cylinder  always  keeps  moving  outward,  so  that  at 
the  end  of  the  season,  when  activity  ceases,  it  is  always  the  last  minute 
layer  of  cells  on  the  outside  of  the  wood,  between  wood  proper  and 


Fig.  7.— Development ■  in  and  out  of  the  forest.  'A, 
young  tree  alike  in  both  cases;  B  and  C,  successive 
stages  of  tree  grown  in  the  open;  B'  and  C,  cor 
responding  stages  of  the  tree  grown  in  the  forest. 
Numbers  refer  to  annual  growth  in  height. 
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bark.  It  is  here,  therefore,  that  the  life  of  the  tree  lies,  and  any  injury 
to  the  cambium  must  interfere  with  the  growth  and  life  of  the  tree. 
The  first  wood  cells  which  the  cambium  forms  in  the  spring  are 
usually  or  always  of  a  more  open  structure,  thin  walled,  and  with  a  lar^e 
opening  or  "lumen,"  comparable  to  a  blown- up  paper  bag;  so  large,  in 
fact,  sometimes,  is  the  "lumen"  that  the  width  of  the  cells  can  be  seen 
on  a  cross  section  with  the  naked  eye,  as,  for  instance,  in  oak,  ash, 
elm,  the  so-called  "pores"  are  this  open  wood  formed  in  spring.    The 

cells,  which  are  formed 
later  in  summer,  have 
mostly  thick  walls,  are 
closely  crowded  and 
compressed,  and  show 
a  very  small  opening  or 
"lumen,"  being  com- 
parable, perhaps,  to  a 
very  thick  wooden  box. 
They  appear  in  the  cross 
section  not  only  denser 
but  of  a  deeper  color, 
on  account  of  their 
crowded,  compressed 
condition  and  thicker 
walls.  Since  at  the  be- 
ginning of  the  next  sea- 
son again  thin- walled 
cells  with  wide  open- 
ings or  lumina  are 
formed,  this  difference 
in  the  appearance  of 
"spring  wood"  and 
"summer  wood"  ena- 
bles us  to  distinguish 
the  layer  of  wood 
formed  each  year.  This 
"annual  ring"  is  more 

-Trees  in  and  out  of  the  forest.     D,  tree  grown  in  tho      COUSpicUOUS      iu      SOmC 
open ;  2)',  tree  grown  in  the  forest.  kiuds    than    iu    othcrS. 

In  the  so-called  "ring  porous"  woods,  like  oak,  ash,  elm,  the  rings  are 
easily  distinguished  by  the  open  spring  wood;  in  the  conifers,  espe- 
cially pines,  by  the  dark-colored  summer  wood;  while  in  maple,  birch, 
tulii),  etc.,  only  a  thin  line  of  flattened,  hence  darker  and  regularly 
aligned,  summer  cells,  often  hardly  recognizable,  distinguishes  the 
rings  from  each  other.  Cutting  through  a  tree,  therefore,  we  can  not 
only  ascertain  its  age  by  counting  its  annual  layers  in  the  cross  section, 
but  also  determine  how  much  wood  is  formed  each  year  (fig.  10).    We 
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can,  in  fact,  retrace  the  history  of  its  growth,  the  vicissitudes  through 
which  it  has  i)assed,  by  the  record  preserved  in  its  ring  growth. 

To  ascertain  the  age  of  a  tree  correctly,  however,  we  must  cut  so 
near  to  the  ground  as  to  include  the  growth  of  the  first  year's  little 
plantlet;  any  section  higher  up  shows  as  many  years  too  few  as  it  took 
the  tree  to  reach  that  height. 

This  annual-ring  formation  is  the  rule  in  all  countries  which  have 
distinct  seasons  of  summer  and  winter  and  temporary  cessation  of 
growth.  Only  exception- 
ally a  tree  may  fail  to  make 
its  growth  throughout  its 
whole  length  on  account 
of  loss  of  foliage  or  other 
causes  5  and  occasionally, 
when  its  growth  has  been 
disturbed  during  the  sea- 
son, a  "secondary"  ring, 
resembling  the  annual 
ring,  and  distinguishable 
only  by  the  expert,  may 
appear  and  mar  the  record. 

To  the  forest  planter  this 
chapter  on  ring  growth  is 
of  great  importance,  be- 
cause not  only  does  this 
feature  of  tree  life  afford 
the  means  of  watching  the 
progress  of  his  crop,  cal- 
culating the  amount  of 
wood  formed,  and  there- 
from determining  when  it 
is  most  profitable  for  him 
to  harvest  (namely,  when 
the  annual  or  periodic 
wood  growth  falls  below  a 
certain  amount),  but  since 
the  proportion  of  summer 
wood  and  spring  wood 
determines  largely  the  quality  of  the  timber,  and  since  he  has  it  in 
his  power  to  influence  the  preponderance  of  the  one  or  other  by 
adaptation  of  species  to  soils  and  by  their  management,  ring  growth 
furnishes  an  index  for  regulating  the  quality  of  his  crop. 


JE  U' 

Fig.  9. — Sections  of  logs  showing  the  relative  development  of 
knots.  ^,  from  tree  grown  in  the  open ;  E',  from  tree  grown 
in  a  dense  forest ;  a  and  c,  whorls  of  knots ;  6,  dead  limb ; 
sk,  "sound  knot;"  dk,  "dead  knot." 


FORM  DEVELOPMENT. 


If  a  tree  is  allowed  to  grow  in  the  open,  it  has  a  tendency  to  branch, 
and  makes  a  low  and  spreading  crown.     In  order  to  lengthen  its  shaft 
and  to  reduce  the  number  of  branches  it  is  necessary  to  narrow  its 
9373— No.  67 2 
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growing  space,  to  shade  its  sides  so  that  the  lower  branches  and  their 
foliage  do  not  receive  light  enough  to  perform  their  functions.  When 
the  side  shade  is  dense  enough,  these  branches  die  and  finally  break 
off  under  the  influence  of  winds  and  fungous  growth  j  wood  then  forms 

over  the  scars  and  we  get  a  clean  shaft 
which  carries  a  crown  high  up  beyond  the 
reach  of  shade  from  neighbors. 

The  branches  being  prevented  from 
spreading  out,  the  shaft  is  forced  to  grow 
upward,  and  hence,  when  crowded  by 
others,  trees  become  taller  and.  more 
cylindrical  in  form,  while  in  the  open, 
where  they  can  spread,  they  remain  lower 
and  more  conical  in  form  (figs.  Ilyl2). 

There  are,  to  be  sure,  different  natural 
types  of  development,  some,  like  the  wal- 
nuts, oaks,  beeches,  and  the  broad-leafed 
trees  generally,  having  greater  tendency 
to  spread  than  others,  like  spruces,  firs, 
and  conifers  in  general,  which  lengthen 
their  shaft  in  preference  to  spreading, 
even  in  the  open.  This  tendency  to  spread- 
ing is  also  influenced  by  soil  conditions 
and  climate,  as  well  as  by  the  age  of  the 
tree.  When  the  trees  cease  to  grow  in 
height,  their  crowns  broaden,  and  this 
takes  place  sooner  in  shallow  soils  than  in 
deep,  moist  ones;  but  the  tendency  can 
be  checked  and  all  can  be  made  to  develop 
the  shaft  at  the  expense  of  the  branches 
by  proper  shading  from  the  sides. 

It  follows  that  the  forest  planter,  who 
desires  to  produce  long  and  clean  shafts 
and  best  working  quality  of  timber,  must 
secure  and  maintain  side  shade  by  a  close 
stand,  while  the  landscape  gardener,  who 
desires  characteristic  form,  nuist  maintain 
an  open  stand  and  full  enjoyment  of  light 
for  his  trees. 

Now,  as  we  have  seen,  different  species 
afford  different  amounts  of  shade,  and  in 
proportion  to  the  shade  which  they  attbrd 
can  they  endure  shade.  The  beech  or  sugar  maple  or  spruce,  Avhich 
maintain  a  large  amount  of  foliage  under  the  dense  shade  of  their 
own  crown,  show  that  their  loaves  can  live  and  functionate  with  a  small 
amount  of  light.    They  are  shade-enduring  trees.    On  the  other  hand, 


Fio.  10.— Scheme  to  illustrate  the  ar- 
rangement of  annual  growth.  1,  2,  3. 
etc.,  represent  the  parts  of  the  sti-tn 
jrroAvn  during  the  first,  second,  third, 
etc.,  twenty  years  of  the  life  of  the 
tre<\  *,  knots;  the  Hha<lod  part  of  each 
is  the  "  dead  knot "  of  lumber. 
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the  black  walnut,  the  locust,  the  catalpa,  the  poplars,  and  the  larch 
show  by  the  maimer  in  which  their  crowns  thin  out,  the  foliage  being 
confined  to  the  ends  of  the  branches,  that  their  leaves  require  more 
light — they  are  light-needing  trees;  so  that  the  scale  which  arranges 
the  trees  according  to  the  amount  of  shade  they  exert  serves  also  to 
measure  their  shade  endurance. 

In  making,  therefore,  mixed  plantations,  the  different  kinds  must  be 
so  grouped  and  managed  that  the  shady  trees  will  not  outgrow  and 
overtop  the  light-needing;  the  latter  must  either  have  the  start  of  the 
former  or  must  be  quicker  growers. 


RATE  OF  GROWTH. 

.Not  only  do  different  species  grow  more  or  less  rapidly  in  height  and 
girth,  but  there  is  in  each  species  a  difference  in  the  rate  of  growth 
during  different  periods  of  life,  and 
a  difference  in  the  persistence  of 
growth. 

It  stands  to  reason  that  trees  grow 
differently  in  different  soils  and  sit- 
uations, and  hence  we  can  not  com- 
pare different  species  with  respect 


i  -      ;)ak  tree  grown  in  tlie  open.  lUx.  iz.— :>i:i])lc  tree  grown  in  the  forest. 

to  their  rate  of  growth  except  as  they  grow  under  the  same  conditions. 

Thus  the  black  walnut  may  grow  as  fast  as  or  faster  than  the  ash  on 
a  rich^  deep,  moist,  warm  soil,  but  will  soon  fall  to  the  rear  in  a  wetter, 
colder,  and  shallower  soil. 

Given  the  same  conditions,  some  species  will  start  on  a  rapid  upward 
growth  at  once,  like  the  poplars,  aspen,  locust,  and  silver  maple,  making 
rapid  progress  (the  most  rapid  from  their  tenth  to  their  fifteenth  year), 
but  decreasing  soon  in  rate  and  reaching  their  maximum  height  early. 
Others,  like  the  spruce,  beech,  and  sugar  maple,  will  begin  sh)wly,  often 
occupying  several,  sometimes  as  many  as  10  to  15,  years  before  they 
appear  to  grow  at  all,  their  energy  all  going  into  root  growth.  Then 
comes  a  period  of  more  and  more  accelerated  growth,  which  reaches  its 
maximum  rate  at  25  or  30  years ;  and  when  the  cottonwood  or  aspen 
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has  reached  the  end  of  its  growth  in  height  the  spruce  or  pine  is  still 
at  its  best  rate,  and  continues  to  grow  for  a  long  time  at  that  rate;  in 
later  life  the  rate  decreases,  yet  height  growth  sometimes  does  not 
cease  altogether  for  centuries.  As  a  rule,  the  light-needing  species  are 
the  ones  which  show  the  rapid  height  growth  at  the  start,  while  the 
shade-enduring  are  slow  at  the  start,  but  persistent  growers. 

This  fact  is  important  in  explaining  the  alternations  of  forest  growth 
in  nature;  the  persistent  shade-enduring  species  crowd  out  the  light- 
needing,  and  the  latter  rapidly  take  possession  of  any  openings  that 
fire  or  storm  has  made.  It  is  also  important  with  reference  to  the  man- 
agement of  wood  crops  and  starting  of  mixed  plantations;  the  light- 
needing  species  must  be  mixed  only  with  such  shade-enduring  species 
as  are  slower  growers  than  themselves. 

The  diameter  growth  shows  also  periodic  changes  in  its  rate,  and  is,  of 
course,  influenced  in  the  same  way  by  soil,  climate,  and  light  conditions, 
as  the  height  growth. 

In  the  juvenile  or  brush  stage,  lasting  6  to  10  years  in  light-needing  and 
20  to  40  years  in  shade-enduring  species,  the  diameter  grows  compara- 
tively little,  all  energy  being  directed  to  height  growth  and  root  growth. 
When  the  crown  has  been  definitely  formed,  more  food  material  is  avail- 
able for  wood  formation,  and  the  increase  in  foliage  is  accompanied 
by  a  more  rapid  increase  of  trunk  diameter;  in  favorable  situations, 
the  highest  rate  occurs  between  the  fortieth  and  sixtieth  years;  in  the 
poorer  situations,  between  the  fiftieth  and  eightieth  years,  which  rate 
continues  for  some  time.  Then  comes  a  period  of  slower  rate,  which 
finally  in  old  age  dwindles  down  almost  to  zero. 

But  neither  the  diameter  growth  nor  the  width  of  the  annual  rings 
alone  tells  us  directly  what  amount  of  wood  is  forming.  The  outer 
rings,  being  laid  over  a  larger  circumference,  although  thinner  than  the 
preceding  rings,  may  yet  have  greater  cubic  contents.  The  statements 
of  diameter  growth  are,  therefore,  misleading  if  we  are  interested  in 
knowing  how  much  wood  is  forming. 

Accordingly  the  growth  in  volume  must  be  considered  separately,  as 
determined  by  the  enlargement  of  the  cross-section  area  and  the  height. 
The  growth  in  volume  or  mass  accretion  is  quite  small  in  young  trees, 
so  that  when  wood  is  cut  young  the  smallest  amount  of  crop  per  year 
is  harvested,  while,  if  it  is  allowed  to  grow,  an  increase  more  than  pro- 
portionate to  the  number  of  years  may  be  obtained. 

Only  when  the  tree  has  a  fully  developed  crown  does  it  begin  to 
make  much  wood.  Its  volume  growth  progresses  then  at  a  uniform 
rate,  and  continues  to  do  so  for  decades,  and  sometimes  for  a  century 
or  more. 

On  poorer  sites  the  rate  is  slower,  but  remains  longer  on  the  increase, 
while  on  good  sites  the  maximum  rate  is  soon  reached.     • 

Of  course,  in  a  forest,  where  light  conditions  are  not  most  favorable, 
because  form  development  and  soil  conditions  require  sliade,  the  total 
wood  formation  is  less  than  iu  an  isolated  tree,  favorably  placed.    Just 
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so  the  dominant  trees  in  a  forest — i.  e.,  those  which  have  their  crowns 
above  all  others — show,  of  course,  the  advantage  they  have  over  the 
inferior  trees  which  are  suffering  from  the  shade  of  their  neighbors. 

Finally,  if  we  would  take  into  consideration  an  entire  forest  growth, 
and  determine,  for  instance,  how  much  wood  an  acre  of  such  forest  pro- 
duces at  different  periods,  we  must  not  overlook  the  fact  that  the  num- 
ber of  trees  per  acre  changes  as  the  trees  grow  older.  Some  of  them 
are  overshaded  and  crowded  out  by  the  others,  so  that  a  young  growth 
of  spruce  might  start  with  100,000  little  seedlings  to  the  acre,  of  which 
in  the  twentieth  year  only  10,000  would  be  alive,  while  in  the  fortieth 
year  the  number  would  be  reduced  to  1,200,  and  in  the  hundredth  year 
to  280.  Hence  the  rate  of  growth  of  any  single  tree  gives  no  idea  of 
what  the  acre  of  forest  will  do. 

TJius,  while  a  single  good  white  pine  might  grow  the  fastest  in  vol- 
ume when  about  one  hundred  years  old,  then  making  wood  at  the  rate 
of,  say,  1.5  cubic  feet  per  year,  an  acre  of  pine  on  good  soil,  containing 
about  1,000  trees,  may  make  the  most  wood  in  the  thirtieth  year,  then 
growing  at  the  rate  of  170  cubic  feet  per  acre,  while  in  the  hundredth 
year  the  rate  would  not  exceed  70  cubic  feetj  and  an  acre  of  pine  in  a 
poorer  location,  with  about  1,400  trees,  may  make  the  most  wood  in  the 
fortieth  year,  at  the  rate  of  100  cubic  feet  per  acre. 

From  the  consideration  of  the  relation  of  light  conditions  to  soil  con- 
ditions, to  form  development,  and  to  rate  of  growth,  we  may  make  the 
following  deductions  of  interest  to  the  forest  planter: 

In  order  to  secure  the  best  results  in  wood  production,  in  quantity 
and  quality,  at  the  same  time  preserving  favorable  soil  conditions,  the 
forest  should  be  composed  of  various  species,  a  mixture  of  light-needing 
and  shade-enduring  kinds.  The  light-needing  ones  should  be  of  quicker 
growth  J  the  shady  ones,  in  larger  numbers,  should  be  slower  growers. 
For  the  first  fifteen  to  twenty-five  years  the  plantation  should  be  kept 
as  dense  as  possible,  to  secure  clear  shafts  and  good  growth  in  height; 
then  it  should  be  thinned,  to  increase  crown  development  and  diameter 
growth ;  the  thinning,  however,  is  not  to  be  so  severe  that  the  crowns 
can  not  close  up  again  in  two  or  three  years;  the  thinning  is  to  be 
repeated  again  and  again,  always  favoring  the  best  developed  trees. 

REPRODUCTION. 

All  trees  reproduce  themselves  naturally  from  seed.  Man  can  secure 
their  reproduction  also  from  cuttings  or  layers;  and  some  kinds  can 
reproduce  themselves  by  shoots  from  the  stump  when  the  parent  tree 
has  been  cut.  This  latter  capacity  is  possessed  in  a  varying  degree 
by  different  species;  chestnuts,  oaks,  elms,  maples,  poplars,  and  willows 
are  most  excellent  sprouters;  most  conifers  do  not  sprout  at  all,  and  the 
shoots  of  those  that  do  sprout  soon  die  (Sequoia  or  California  redwood 
seems  to  be  an  exception).  Sprouts  of  broad-leafed  trees  develop  differ- 
ently from  seedlings,  growing  very  rajjidly  at  first,  but  soon  lessening 
in  the  rate  of  growth  and  never  attaining  the  height  and  perhaps  not 
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the  diameter  of  trees  grown  from  the  seed ;  they  are  also  shorter  lived. 
Witli  age  the  stumps  lose  their  capiicity  for  sprouting.  To  secure  best 
results,  the  parent  tree  should  be  cut  close  to  the  ground  in  early  spring, 
avoiding  severe  frost,  and  a  sharp  cut  should  be  made  which  will  not 
sever  the  bark  from  the  trunk. 

Kot  all  trees  bear  seed  every  year,  and  plentiful  seed  production, 
especially  in  a  forest,  occurs,  as  a  rule,  periodically.  The  periods  differ 
with  species,  climate,  and  season. 

2!^ot  all  seeds  can  germinate,  and  in  some  species  the  number  of  seeds 
that  can  germinate  is  very  small,  and  they  lose  their  power  of  germina- 
tion when  kept  a  few  hours,  like  the  willows.  Others,  if  kept  till  they 
have  become  dry,  will  "lie  over"  in  the  soil  a  year  or  more  before  ger- 
minating. The  same  thing  will  occur  if  they  are  covered  too  deep  in 
the  soil,  provided  they  germinate  at  all  under  such  conditions. 

In  order  to  germinate,  seeds  must  have  warmth,  air,  and  moisture. 
The  preparation  of  a  seed  bed  is,  therefore,  necessary  in  order  to  supply 
these  conditions  in  most  favorable  combination.  In  the  natural  forest 
millions  of  seeds  rot  or  dry  without  sprouting,  and  millions  of  seedlings 
sprout,  but  soon  perish  under  the  too  dense  shade  of  the  mother  trees. 

Man,  desiring  to  reproduce  a  valuable  wood  crop,  cannot  afford  to  be 
as  lavish  as  nature,  and  must  therefore  improve  upon  nature's  methods, 
making  more  careful  preparation  for  the  production  of  his  crop,  either 
by  growing  the  seedlings  in  nurseries  and  transplanting  them,  or  else 
by  cutting  away  the  old  growth  in  such  a  manner  as  to  secure  to  the 
young  self- grown  crop  better  chances  for  life  and  development. 

2.  HOW  TO  PLANT  A  FOREST. 

Forest  planting  and  tree  planting  ai-e  two  different  things.  The 
orchardist,  who  plants  for  fruit  j  the  landscape  gardener,  who  plants  for 
form ;  the  roadside  planter,  who  plants  for  shade,  all  have  objects  in  view 
different  from  that  of  the  forest  planter,  and  therefore  select  and  use 
their  plant  material  differently.  They  deal  with  single  individual  trees, 
each  one  by  itself  destined  for  a  definite  purpose.  The  forester,  on  the 
other  hand,  plants  a  crop  like  the  farmer;  he  deals  not  with  the  single 
seed  or  plant,  but  with  masses  of  trees;  the  individual  tree  has  value 
to  him  only  as  apart  of  the  whole.  It  may  come  to  harvest  for  its  tim- 
ber, or  it  may  not  come  to  harvest,  and  yet  have  answered  its  purpose 
as  a  part  of  the  whole  in  shading  the  ground,  or  acting  as  nurse  or 
"forwarder"  as  long  as  it  was  necessary. 

His  object  is  not  to  grow  trees,  but  to  produce  wood,  the  largest 
amount  of  the  best  quality  per  acre,  whether  it  be  stored  in  one  tree  or 
in  many,  and  his  methods  must  be  directed  to  that  end. 

As  far  as  the  manner  of  setting  out  plants  or  sowing  seeds  is  con- 
cerned, the  same  general  principles  and  the  same  care  in  manipulation 
are  applicable  as  in  any  other  planting,  except  as  the  cost  of  operating 
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on  so  large  a  scale  may  necessitate  less  careful  methods  than  the  gar- 
dener or  nurseryman  can  aii'ord  to  apply;  the  nearer,  however,  the 
performance  of  planting  can  be  brought  to  the  careful  manner  of  the 
gardener,  the  surer  the  success.  The  principles  underlying  such 
methods  have  been  discussed  in  the  chapter  "  How  trees  grow;"  in  the 
present  chapter  it  is  proposed  to  point  out  briefly  the  special  consid- 
erations which  should  guide  the  forest  planter  in  particular. 

WHAT  TREES   TO  PLANT. 

Adaptability  to  climate  is  the  first  requisite  in  the  species  to  be 
planted. 

It  is  best  to  choose  from  the  native  growth  of  the  region  which  is 
known  to  be  adapted  to  it.  With  regard  to  species  not  native,  the 
reliance  must  be  placed  upon  the  experience  of  neighboring  planters 
and  upon  experiment  (at  first  on  a  small  scale),  after  study  of  the 
requirements  of  the  kinds  proposed  for  trial. 

Adaptation  must  be  studied,  not  only  with  reference  to  temperature 
ranges  and  rainfall,  but  especially  with  reference  to  atmospheric 
humidity  and  requirements  of  transpiration. 

Many  species  have  a  wide  range  of  natural  distribution,  and  hence 
of  climatic  adaptation.  If  such  are  to  be  used,  it  is  important  to  secure 
seeds  from  that  part  of  the  range  of  natural  distribution  where  the 
l^lants  must  be  hardiest,  i.  e.,  the  coldest  and  driest  region  in  which  it 
occurs,  which  insures  hardy  qualities  in  the  offspring.  For  instance, 
the  Douglas  spruce  from  the  humid  and  evenly  tempered  Pacific  Slope 
will  not  be  as  hardy  as  that  grown  from  seed  collected  on  the  dry 
and  frigid  slopes  of  the  Eockies.  Lack  of  attention  to  this  requisite 
accounts  for  many  failures.  It  must  also  be  kept  in  mind  that,  while  a 
species  may  be  able  to  grow  in  another  tlian  its  native  climate,  its  wood 
may  not  there  have  the  same  valuable  qualities  which  it  develops  in 
its  native  habitat. 

Adaptahility  to  soil  must  be  studied  less  with  reference  to  mineral 
constituents  than  to  i)hysical  condition.  Depth  and  moisture  condi- 
tions, and  the  structure  of  the  soil,  which  influences  the  movement  of 
water  in  it,  are  the  most  important  elements.  While  all  trees  thrive 
best  in  a  moist  to  "fresh"  soil  of  moderate  depth  (from  2  to  4  feet) 
and  granular  structure,  some  can  adapt  themselves  to  drier  or  wetter, 
shallow,  and  compact  soils.  Fissures  in  rocks  into  which  the  roots  can 
penetrate  often  stand  for  depth  of  soil,  and  usually  aid  in  maintaining 
favorable  moisture  conditions.  In  soils  of  great  depth  (i.  e.,  from  the 
surface  to  the  impenetrable  subsoil)  and  of  coarse  structure  water  may 
drain  away  so  fast  as  not  to  be  available  to  the  roots. 

Soil  moisture  must  always  be  studied  in  conjunction  with  atmospheric 
moisture;  for,  while  a  species  may  thrive  in  an  arid  soil,  when  the 
demands  of  transpiration  are  not  great,  it  may  not  do  so  when  aridity 
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of  atmospbere  is  added.  Trees  of  the  swamp  are  apt  to  be  indifferent 
to  soil  moisture  and  to  thrive  quite  well,  if  not  better,  in  drier  soils. 

Adaptability  to  site. — While  a  species  may  be  well  adapted  to  the 
general  climatic  conditions  of  a  region,  and  in  general  to  the  soil,  there 
still  remains  to  be  considered  its  adaptability  to  the  particular  "  site," 
under  which  term  we  may  comprise  the  total  effect  of  general  climate, 
local  climate,  and  soil.  The  general  climatic  conditions  are  locally 
influenced,  especially  by  the  slope,  exposure,  or  aspect,  and  the  sur- 
roundings. Tlius  we  know  that  eastern  exposures  are  more  liable  to 
frost,  western  exposures  more  liable  to  damage  from  winds,  southern 
more  apt  to  be  hot  and  to  dry  out,  and  northern  to  be  cooler  and 
damper,  having  in  consequence  a  shorter  period  of  vegetation.  Hol- 
lows and  lowlands  are  more  exposed  to  frosts  and  more  subject  to 
variations  in  soil  moisture,  etc. 

Hence  for  these  various  situations  it  is  advisable  to  select  species 
which  can  best  withstand  such  local  dangers. 

The  use  value,  or  utility,  of  the  species  is  next  to  be  considered.  This 
must  be  done  with  reference  to  the  commercial  and  domestic  demand, 
and  the  length  of  time  it  takes  the  species  to  attain  its  value.  The 
greater  variety  of  purposes  a  wood  may  serve — i.  e.,  the  greater  its 
general  utility — and  the  sooner  it  attains  its  use  value  the  better. 
White  pine  for  the  northeastern  States  as  a  wood  is  like  the  apple 
among  fruits,  making  an  all-round  useful  material  in  large  quantities 
per  acre  in  short  time.  Tulip  poplar,  applicable  to  a  wider  climatic 
range,  is  almost  as  valuable,  while  oak,  ash,  and  hickory  are  standard 
woods  in  the  market.  Other  woods  are  of  limited  application.  Thus 
the  black  locust,  which  grows  most  quickly  into  useful  posts,  has  only 
a  limited  market,  much  more  limited  than  it  should  have;  hickory  soon 
furnishes  valuable  hoop  poles  from  the  thinnings,  and  later  the  best 
wagon  material,  not,  however,  large  quantities  in  a  short  time;  while 
black  walnut  of  good  quality  is  very  high  in  price,  the  market  is  also 
limited,  and  the  dark  color  of  the  heartwood,  for  which  it  is  prized,  is 
attained  only  by  old  trees.  The  black  cherry,  used  for  similar  purposes, 
attains  its  value  much  sooner. 

By  planting  various  species  together,  variety  of  usefulness  may  be 
secured  and  the  certainty  of  a  market  increased. 

The  forest  value  of  the  species  is  only  in  part  expressed  by  its  use 
value.  As  has  been  shown  in  another  place,  the  composition  of  the 
crop  must  be  such  as  to  insure  maintenance  of  favorable  soil  con- 
ditions, as  well  as  satisfactory  development  of  the  crop  itself.  Some 
species,  although  of  high  use  value,  like  ash,  oak,  etc.,  are  poor  pre- 
servers of  soil  conditions,  allowing  grass  and  weeds  to  enter  the  plan- 
tation and  to  deteriorate  the  soil  under  their  thin  foliage.  Others,  like 
beech,  sugar  maple,  box  elder,  etc.,  although  of  less  use  value,  being 
dense  foliaged  and  preserving  a  shady  crown  for  a  long  time,  are  of 
great  forest  value  as  soil  improvers. 
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Again,  as  the  value  of  logs  depends  largely  oii  their  freedom  from 
knots,  straigbtuess,  and  length,  it  is  of  importance  to  secure  these 
qualities.  Some  valuable  species,  if  grown  by  themselves,  make  crooked 
trunks,  do  not  clean  their  shafts  of  branches,  and  are  apt  to  spread 
rather  than  lengthen.  If  i)lanted  in  close  companionship  with  others, 
they  are  forced  by  these  "  nurses  or  forwarders  "  to  make  better  growths 
and  clean  their  shafts  of  branches. 

Furthermore,  from  financial  considerations,  it  is  well  to  know  that 
some  species  develop  more  rapidly  and  produce  larger  quantities  of 
useful  material  per  acre  than  others;  thus  tlie  white  pine  is  a  "big 
cropper,"  and,  combining  with  tliis  a  tolerably  good  shading  quality, 
and  being  in  addition  capable  of  easy  reproduction,  it  is  of  highest 
"forest  value.'^ 

Hence,  as  the  object  of  forestry  is  to  make  money  from  continued 
wood  crops,  use  value  and  forest  value  must  both  be  considered  in  the 
selection  of  materials  for  forest  planting. 

Mutual  relationship  of  different  species^  with  reference  especially  to 
tbeir  relative  height  growth  and  their  relative  light  requirements,  must 
be  considered  in  starting  a  mixed  plantation. 

Mixed  forest  plantations  (made  of  several  kinds)  have  so  many  advan- 
tages over  i)ure  plantations  (made  of  one  kind)  that  tbey  should  be 
preferred,  except  for  very  jiarticular  reasons.  Mixed  plantations  are 
capable  of  producing  larger  quantities  of  better  and  more  varied 
material,  preserve  soil  conditions  better,  are  less  liable  to  damage  from 
winds,  fires,  and  insects,  and  can  be  more  readily  reproduced. 

The  following  general  rules  should  guide  in  making  up  the  compo- 
sition of  a  mixed  plantation: 

a.  Shade-enduring  kinds  should  form  the  bulk  (five-eighths  to  seven-eighths)  of 
the  plantation,  except  on  specially  favored  soils  where  no  deterioration  is  to  be 
feared  from  planting  only  light-needing  kinds,  and  in  which  case  these  may  even 
be  planted  by  themselves. 

h.  The  light-needing  trees  should  be  surrounded  by  shade-enduring  of  slower 
growth,  so  that  the  former  may  not  be  overtopped,  but  have  the  necessary  light  and 
be  forced  by  side  shade  to  straight  growth. 

c.  Shade-enduring  sj^ecies  may  be  grown  in  admixture  with  each  other  when  their 
rate  of  height  growth  is  about  equal,  or  when  the  slower-growing  kind  can  be  pro- 
tected against  the  quicker-growing  (for  instance,  by  planting  a  larger  proportion  of 
the  former  in  groups  or  by  cutting  back  the  latter). 

d.  The  more  valuable  timber  trees  which  are  to  form  the  main  crop  should  be  so 
disjiosed  individually,  and  planted  in  such  numbers  among  the  secondary  crop  or 
nurse  crop,  that  the  latter  can  be  thinned  out  first  without  disturbing  the  former. 

Where  a  plantation  of  light-foliaged  trees  has  been  made  (black 
walnut,  for  instance),  it  can  be  greatly  improved  by  "underplanting^' 
densely  with  a  shade-enduring  kind,  which  will  choke  out  weed  growth, 
improve  the  soil,  and  thereby  advance  the  growth  of  the  plantation. 

The  selection  and  proper  combination  of  species  mth  reference  to 
this  mutual  relationship  to  each  other  and  to  the  soil  are  the  most  im- 
portant elements  of  success. 
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Availability  of  the  species  also  still  needs  consideration  in  this 
country;  for,  although  a  species  may  be  very  well  adapted  to  the  pur- 
pose in  hand,  it  may  be  too  difficult  to  obtain  material  for  planting  in 
quantity  or  at  reasonable  prices.  While  the  beech  is  one  of  the  best 
species  for  shade  endurance,  and  hence  for  soil  cover,  seedlings  can  not 
be  had  as  yet  in  quantity.  Western  conifers,  although  promising  good 
material  lor  forest  planting,  are  at  present  too  high  priced  for  general 
use.  Some  eastern  trees  can  be  secured  readily — either  their  seed  or 
seedlings — from  the  native  woods  j  others  must  be  grown  in  nurseries 
before  they  can  be  placed  in  the  field. 

Whether  to  procure  seeds  or  plants,  and  if  the  latter,  what  kind, 
deijends  upon  a  number  of  considerations.  The  main  crop,  that  which 
is  to  furnish  the  better  timber,  had  best  be  planted  with  nursery-grown 
plants,  if  of  slow-growing  kinds,  perhaps  once  transplanted,  with  well- 
developed  root  systems,  the  i>lants  in  no  case  to  be  more  than  2  to  3 
years  old.  The  secondary  or  nurse  crop  may  then  be  sown  or  planted 
with  younger  and  less  costly  material  taken  from  the  woods  or  grown 
in  seed  beds,  or  else  cuttings  may  be  used. 

In  some  localities — for  instance,  the  Western  plains — the  germinating 
of  seeds  in  the  open  field  is  so  uncertain,  and  the  life  of  the  young- 
seedlings  for  the  first  year  or  two  so  precarious,  that  the  use  of  seeds 
in  the  field  can  not  be  recommended.  In  such  locations  careful  selec- 
tion and  treatment  of  the  planting  material  according  to  the  hardships 
which  it  must  encounter  can  alone  insure  success. 

Seedlings  from  6  to  12  inches  high  furnish  the  best  material.  The 
planting  of  large  sized  trees  is  not  excluded,  but  is  expensive  and 
hence  often  impracticable,  besides  being  less  sure  of  success,  since 
the  larger-sized  tree  is  apt  to  lose  a  greater  proportion  of  its  roots  in 
transplanting. 

METHODS   OF  PLANTING. 

Preparation  of  soil  is  for  the  purpose  of  securing  a  favorable  start  for 
the  young  crop;  its  effects  are  lost  after  the  first  few  years.  Most  land 
that  is  to  be  devoted  to  forest  planting  does  not  admit  of  as  careful 
preparation  as  for  agricultural  crops,  nor  is  it  necessary  where  the 
climate  is  not  too  severe  and  the  soil  not  too  compact  to  prevent  the 
young  crop  from  establishing  itself.  Thousands  of  acres  in  Germany 
are  planted  annually  without  any  soil  preparation,  yearling  pine  seed- 
lings being  set  with  a  dibble  in  the  unprepared  ground.  This  absence 
of  ijreparation  is  even  necessary  in  sandy  soils,  like  that  encountered 
in  the  sandhills  of  Nebraska,  which  may^  if  disturbed,  be  blown  out  and 
shifted.  In  other  cases  a  partial  removal  of  a  too  rank  undergrowth 
or  soil  cover  and  a  shallow  scarifying  or  hoeing  is  resorted  to,  or  else 
furrows  are  thrown  up  and  the  trees  set  out  in  them. 

In  land  that  has  been  tilled,  deep  plowing  (10  to  12  inches)  and 
thorough  pulverizing  give  the  best  chances  for  the  young  crop  to  start. 
For  special  conditions,  very  dry  or  very  moist   situatious,  special 
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methods  are  required.  The  best  metliods  for  planting  in  the  semiarid 
regions  of  the  far  West  have  not  yet  been  developed.  Thorough  culti- 
vation, as  for  agricultural  crops,  with  subsequent  culture,  is  successful, 
but  expensive.  A  plan  which  might  be  tried  would  consist  in  breaking 
the  raw  prairie  in  June  and  turning  over  a  shallow  sod,  sowing  a  crop 
of  oats  or  alfalfa,  harvesting  it  with  a  high  stubble,  then  opening  fur- 
rows for  planting  and  leaving  the  ground  between  furrows  undisturbed, 
so  as  to  secure  the  largest  amount  of  drainage  into  the  furrows  and  a 
mulch  between  the  rows. 

The  time  for  planting  depends  on  climatic  and  soil  conditions  and  the 
convenience  of  the  planter.  Spring  i)lanting  is  preferable  except  in 
southern  latitudes,  especially  in  the  West,  where  the  winters  are  severe 
and  the  fall  apt  to  be  dry,  the  soil  therefore  not  in  favorable  condition 
for  i)lantingt 

The  time  for  fall  planting  is  after  the  leaves  have  fallen;  for  spring 
planting,  before  or  just  when  life  begins  anew.  In  order  to  be  ready 
in  time  for  spring  planting,  it  is  a  good  practice  to  take  up  the  plants  in 
the  fall  and  "  heel  them  in  "  over  winter  (covering  them,  closely  packed, 
in  a  dry  trench  of  soil).  Conifers  can  be  planted  later  in  spring  and 
earlier  in  fall  than  broad-leafed  trees. 

The  density  of  the  trees  is  a  matter  in  which  most  planters  fail.  The 
advantages  of  close  planting  lie  in  the  quicker  shading  of  the  soil,  hence 
the  better  preservation  of  its  moisture  and  improved  growth  and  form 
development  of  the  crop.  These  advantages  must  be  balanced  against 
the  increased  cost  of  close  planting.  The  closer  the  planting,  the  sooner 
will  the  plantation  be  self-sustaining  and  the  surer  the  success. 

If  planted  in  squares,  or,  better  still,  in  quincunx  order  (the  trees  in 
every  other  row  alternating  at  equal  distances),  which  is  most  desirable 
on  account  of  the  more  systematic  work  possible  and  the  more  complete 
cover  which  it  makes,  the  distance  should  not  be  more  than  4  feet, 
unless  for  special  reasons  and  conditions,  while  2  feet  apart  is  not  too 
close,  and  still  closer  planting  is  done  by  nature  with  the  best  success. 

The  following  numbers  of  trees  per  acre  are  required  when  planting 
at  distances  as  indicated: 


U  by  H  feet 19,360 

U  by  2  feet 14,  520 

2  by  2  feet 10,890 

2  by  3  feet 7,260 


2by4feet 5,445 

3  by  3  feet 4,840 

3by4feet 3,630 

4by4feet 2,722 


To  decrease  expense,  the  bulk  of  the  plantation  may  be  made  of  the 
cheapest  kinds  of  trees  that  may  serve  as  soil  cover  and  secondary  or 
nurse  crop,  the  main  crop  of  from  300  to  GOO  trees  to  consist  of  better 
kinds,  and  with  better  planting  material,  mainly  of  light-needing  species. 
These  should  be  evenly  disposed  through  the  plantation,  each  closely 
surrounded  by  the  nurse  crop.  It  is,  of  course,  understood  that  not  all 
trees  grow  up;  a  constant  change  in  numbers  by  the  death  (or  else 
timely  removal)  of  the  overshaded  takes  place,  so  that  the  final  crop 
shows  at  100  years  a  close  cover,  with  hardly  300  trees  to  the  acre. 
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After-culture  is  not  entirely  avoidable,  especially  under  unfavorable 
climatic  conditions,  and  if  the  planting  was  not  close  enough.  Shallow 
cultivation  between  the  rows  is  needed  to  prevent  weed  growth  and  to 
keep  the  soil  open,  until  it  is  shaded  by  the  young  trees,  which  may  take 
a  year  with  close  planting  and  two  or  three  years  with  rows  4  by  4  feet 
apart,  the  time  varying  also  with  the  species. 

It  is  rare  that  a  plantation  succeeds  in  all  its  parts;  gaps  or  fail 
places  occur,  as  a  rule,  and  must  be  filled  in  by  additional  planting  as 
soon  as  possible,  if  of  larger  extent  than  can  be  closed  up  in  a  few 
years  by  the  neighboring  growth. 

When  the  soil  is  protected  by  a  complete  leaf  canopy,  the  forest  crop 
may  be  considered  as  established,  and  the  after-treatment  will  consist 
of  judicious  thinning. 

3.  HOW  TO   TREAT  THE  TVOOD   LOT. 

In  the  northeastern  States  it  is  the  custom  to  have  connected  with 
the  farm  ai)iece  of  virgin  woodland,  commonly  called  the  wood  lot.  Its 
object  primarily  is  to  supply  the  farmer  with  the  firewood,  fence  mate- 
rial, and  such  dimension  timbers  as  he  may  need  from  time  to  time  for 
repairs  on  buildings,  wagons,  etc. 

As  a  rule,  the  wood  lot  occupies,  as  it  ought  to,  the  poorer  part  of  the 
farm,  the  rocky  or  stony,  the  dry  or  the  wet  portions,  which  are  not  well 
fitted  for  agricultural  crops.  Asa  rule,  it  is  treated  as  it  ought  not  to 
be,  if  the  intention  is  to  have  it  serve  its  purpose  continuously;  it  is 
cut  and  culled  without  regard  to  its  reproduction. 

As  far  as  firewood  supplies  go,  the  careful  farmer  will  first  use  the 
dead  and  dying  trees,  broken  limbs,  and  leavings,  which  is  quite  i)roper. 
The  careless  man  avoids  the  extra  labor  which  such  material  requires, 
and  takes  whatever  splits  best,  no  matter  whether  the  material  could 
be  used  for  better  purposes  or  not. 

When  it  comes  to  the  cutting  of  other  material,  fence  rails,  posts,  or 
dimension  timber,  the  general  rule  is  to  go  into  the  lot  and  select  the 
best  trees  of  the  best  kind  for  the  purpose.  This  looks  at  first  sight 
like  the  natural,  most  practical  way  of  doing.  It  is  the  method  which 
the  lumberman  pursues  when  he  "  culls"  the  forest,  and  is,  from  his  point 
of  view  perhaps,  justifiable,  for  he  only  desires  to  secure  at  once  what 
is  most  ijrofitable  in  the  forest.  But  for  the  farmer,  who  proposes  to  use 
his  wood  lot  continuously  for  supplies  of  this  kind,  it  is  a  method  detri- 
mental to  his  object,  and  in  time  it  leaves  him  with  a  lot  of  poor,  useless 
timber  which  encumbers  the  ground  and  prevents  the  growth  of  a 
better  crop. 

Uur  woods  are  mostly  composed  of  many  species  of  trees;  they  are 
mixed  woods.  Some  of  the  species  are  valuable  for  some  special  pur- 
poses, others  are  applicable  to  a  variety  of  purposes,  and  again  others 
fuiiiish  but  poor  material  for  anything  but  firewood,  and  even  for  that 
use  they  may  not  be  of  the  best. 
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Among  the  most  valuable  in  the  northeastern  woods  we  should  men- 
tion the  white  pine — king  of  all — the  white  ash,  white  and  chestnut  oak, 
hickories,  tulip  tree,  black  walnut,  and  black  cherry,  the  last  three  being 
now  nearly  exhausted;  next,  spruce  and  hemlock,  red  pine,  sugar  maple, 
chestnut,  various  oaks  of  the  black  or  red  oak  tribe,  several  species  of 
ash  and  birch,  black  locust;  lastly,  elms  and  soft  maples,  basswood, 
poplars,  and  sycamore. 

Kow,  by  the  common  practice  of  culling  the  best  it  is  evident  that 
gradually  all  the  best  trees  of  the  best  kinds  are  taken  out,  leaving  only 
inferior  trees  or  inferior  kinds — the  weeds  among  trees,  if  one  may  call 
them  such — and  thus  the  wood  lot  becomes  well-nigh  useless. 

It  does  not  supply  that  for  which  it  was  intended;  the  soil,  which 
was  of  little  use  for  anything  but  a  timber  crop  before,  is  still  further 
deteriorated  under  this  treatment,  and  being  compacted  by  the  con- 
stant running  of  cattle,  the  starting  of  a  crop  of  seedlings  is  made 
nearly  impossible.  It  would  not  pay  to  turn  it  into  tillage  ground  or 
pasture ;  the  farm  has  by  so  much  lost  in  value.  In  other  words,  instead 
of  using  the  interest  on  his  capital,  interest  and  capital  have  been  used 
up  together;  the  goose  that  laid  the  golden  egg  has  been  killed. 

This  is  not  necessary  if  only  a  little  system  is  brought  into  the  man- 
agement of  the  wood  lot  and  the  smallest  care  is  taken  to  avoid  deteri- 
oration and  secure  reproduction. 

IMPROVEMENT   CUTTINGS. 

The  first  care  should  be  to  improve  the  crop  in  its  composition. 
Instead  of  culling  it  of  its  best  material,  it  should  be  culled  of  its 
weeds,  the  poor  kinds,  which  we  do  not  care  to  reproduce,  and  which, 
like  all  other  weeds,  propagate  themselves  only  too  readily.  This  weed- 
ing must  not,  however,  be  done  all  at  once,  as  it  could  be  in  a  field  crop, 
lor  in  a  full-grown  piece  of  woodland  each  tree  has  a  value,  even  the 
weed  trees,  as  soil  cover. 

The  great  secret  of  success  in  all  crop  production  lies  in  the  regula- 
ting of  water  supplies ;  the  manuring  in  part  and  the  cultivating  entirely, 
as  well  as  drainage  and  irrigation,  are  means  to  this  end.  In  forestry 
these  means  are  usually  not  practicable,  and  hence  other  means  are 
resorted  to.  The  principal  of  these  is  to  keep  the  soil  as  much  as  pos- 
sible under  cover,  either  by  the  shade  which  the  foliage  of  the  tall  trees 
furnishes,  or  by  that  from  the  underbrush,  or  by  the  litter  which  accu- 
mulates and  in  decaying  forms  a  humus  cover,  a  most  excellent  mulch. 

A  combination  of  these  three  conditions,  viz,  a  dense  crown  cover, 
woody  underbrush  where  the  crown  cover  is  interrupted,  and  a  heavy 
layer  of  well-decomposed  humus,  gives  the  best  result.  Under  such 
conditions,  first  of  all,  the  rain,  being  intercepted  by  the  foliage  and 
litter,  reaches  the  ground  only  gradually,  and  therefore  does  not  com- 
pact the  soil  as  it  does  in  the  open  field,  but  leaves  it  granular  and 
open,  so  that  the  water  can  readily  penetrate  and  move  in  the  soil. 
Secondly,  the  surface  evaporation  is  considerably  reduced  by  the  shade 
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and  lack  of  air  circulation  in  the  dense  woods,  so  that  more  moisture 
remains  for  the  use  of  the  trees.  When  the  shade  of  the  crowns  over- 
head (the  so-called  ** crown  cover,"  or  "canopy,")  is  perfect,  but  little 
undergrowth  will  be  seen;  but  where  the  crown  cover  is  interrupted  or 
imperfect,  an  undergrowth  will  appear.  If  this  is  composed  of  young 
trees,  or  even  shrubs,  it  is  an  advantage,  but  if  of  weeds,  and  especially 
grass,  it  is  a  misfortune,  because  these  transpire  a  great  deal  more  water 
than  the  woody  i)lants  and  allow  the  soil  to  deteriorate  in  structure  and 
therefore  in  water  capacity. 

Some  weeds  and  grasses,  to  be  sure,  are  capable  of  existing  where 
but  little  light  reaches  the  soil.  When  they  appear  it  is  a  sign  to  the 
forester  that  he  must  be  careful  not  to  thin  out  the  crown  cover  any 
more.  When  the  more  light-needing  weeds  and  grasses  appear  it  is  a 
sign  that  too  much  light  reaches  the  ground,  and  that  the  soil  is  already 
deteriorated.  If  this  state  continues,  the  heavy  drain  which  the  tran- 
spiration of  these  weeds  makes  upon  the  soil  moisture,  without  any 
appreciable  conservative  action  by  their  shade,  will  injure  the  soil  still 
further. 

The  overhead  shade  or  crown  cover  may  be  imperfect  because  there 
are  not  enough  trees  on  the  ground  to  close  up  the  interspaces  with 
their  crowns,  or  else  because  the  kinds  of  trees  which  make  up  the 
forest  do  not  yield  much  shade;  thus  it  can  easily  be  observed  that  a 
beech,  a  sugar  maple,  a  hemlock,  is  so  densely  foliaged  that  but  little 
light  reaches  the  soil  through  its  crown  canopy,  while  an  ash,  an  oak, 
a  larch,  when  full  grown,  in  the  forest,  allows  a  good  deal  of  light  to 
penetrate. 

Hence,  in  our  weeding  process  for  the  improvement  of  the  wood  crop, 
we  must  be  careful  not  to  interrupt  the  crown  cover  too  much,  and 
thereby  deteriorate  the  soil  conditions.  And  for  the  same  reason,  in 
the  selection  of  the  kinds  that  are  to  be  left  or  to  be  taken  out,  we 
shall  not  only  consider  their  use  value  but  also  their  shading  value, 
trying  to  bring  about  such  a  mixture  of  shady  and  less  shady  kinds  as 
will  insure  a  continuously  satisfactory  crown  cover,  the  shade-enduring 
kinds  to  occupy  the  lower  stratum  in  the  crown  canopy,  and  to  be  more 
numerous  than  the  light-needing. 

The  forester,  therefore,  watches  first  the  conditions  of  his  soil  cover, 
and  his  next  care  is  for  the  condition  of  the  overhead  shade,  the  "crown 
cover;"  for  a  change  in  the  condition  of  the  latter  brings  change  into 
his  soil  conditions,  and,  inversely,  from  the  changes  in  the  plant  cover  of 
the  soil  he  judges  whether  he  may  or  may  not  change  the  light  condi- 
tions. The  changes  of  the  soil  cover  teach  him  more  often  when  "to  let 
alone"  than  when  to  go  on  with  his  operations  of  thinning  out;  that 
is  to  say,  he  can  rarely  stop  short  of  that  condition  which  is  most  favor- 
able. Hence  the  improvement  cuttings  must  be  made  with  caution 
and  only  very  gradually,  so  that  no  deterioration  of  the  soil  conditions 
be  invited.    We  have  repeated  this  injunction  again  and  again,  because 
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all  success  in  the  management  of  future  wood  crops  depends  upon  the 
care  bestowed  upon  the  maintenance  of  favorable  soil  conditions. 

As  the  object  of  this  weeding  is  not  only  to  remove  the  undesirable 
kinds  from  the  present  crop,  but  to  prevent  as  much  as  possible  their 
reappearance  in  subsequent  crops,  it  maybe  advisable  to  cut  such  kinds 
as  sprout  readily  from  the  stump  in  summer  time — June  or  July — when 
the  stumps  are  likely  to  die  without  sprouting. 

It  may  take  several  years'  cutting  to  bring  the  composition  of  the 
main  crop  into  such  a  condition  as  to  satisfy  us. 

METHODS  OF  REPRODUCINa  THE  WOOD  CROP. 

Then  comes  the  period  of  utilizing  the  main  crop.  As  we  propose  to 
keep  the  wood  lot  as  such,  and  desire  to  reproduce  a  satisfactory  wood 
crop  in  place  of  the  old  one,  this  latter  must  be  cut  always  with  a  view 
to  that  reproduction.  There  are  various  methods  pursued  for  this  pur- 
l)Ose  in  large  forestry  operations  which  are  not  practicable  on  small 
areas,  especially  when  these  are  expected  to  yield  only  small  amounts 
of  timber,  and  these  little  by  little  as  required.  It  is  possible,  to  be 
sure,  to  cut  the  entire  crop  and  replant  a  new  one,  or  else  to  use  the  ax 
skillfully  and  bring  about  a  natural  reproduction  in  a  few  years;  but 
we  want  in  the  i)resent  case  to  lengthen  out  the  period  during  which 
the  old  crop  is  cut,  and  hence  must  resort  to  other  methods.  There  are 
three  methods  practicable. 

We  may  clear  narrow  strips  or  bands  entirely,  expecting  the  neighbor- 
ing growth  to  furnish  the  seed  for  covering  the  strip  with  a  new  crop — 
"the  strip  method;"  or  we  can  take  out  single  trees  here  and  there, 
relying  again  on  an  after- growth  from  seed  shed  by  the  surrounding 
trees — the  "selection  method;"  or,  finally,  instead  of  single  trees,  we 
may  cut  entire  groups  of  trees  here  and  there  in  the  same  manner,  the 
gaps  to  be  filled,  as  in  the  other  cases,  with  a  young  crop  from  the  seed 
of  the  surrounding  trees,  and  this  we  may  call  the  "group  method." 

In  the  strip  method^  in  order  to  secure  sufficient  seeding  of  the  cleared 
strip,  the  latter  must  not  be  so  broad  that  the  seed  from  the  neighbor- 
ing growth  can  not  be  carried  over  it  by  the  wind.  In  order  to  get  the 
best  results  from  the  carrying  power  of  the  wind  (as  well  as  to  avoid 
windfalls  when  the  old  growth  is  suddenly  opened  on  the  windward  side) 
the  strips  should  be  located  on  the  side  opposite  the  prevailing  winds. 
Oaks,  beech,  hickory,  and  nut  trees  in  general  with  heavy  seeds  will  not 
seed  over  any  considerable  breadth  of  strip,  while  with  maple  and  ash 
the  breadth  may  be  made  twice  as  great  as  the  height  of  the  timber,  and 
the  mother  trees  with  lighter  seeds,  like  spruce  and  i^ine,  or  birch  and 
elm,  may  be  able  to  cover  strips  of  a  breadth  of  3  or  4  and  even  8  times 
their  height.  But  such  broad  strips  are  hazardous,  since  with  insuffi- 
cient seed  fall,  or  fail  years  in  the  seed,  the  strip  may  remain  exposed 
to  sun  and  wind  for  several  years  without  a.  good  cover  and  deteriorate. 
It  is  safer,  therefore,  to  make  the  strips  no  broader  than  just  the  height 
of  the  neighboring  timber,  in  which  case  not  ouly  has  the  seed  better 


32 

chance  of  covering  the  ground,  but  the  soil  and  seedlings  have  more 
protection  from  the  mother  crop.  In  hilly  country  the  strips  must  not 
be  made  in  the  direction  of  the  slope,  for  the  water  would  wash  out  soil 
and  seed. 

Every  year,  then,  or  from  time  to  time,  a  new  strip  is  to  be  cleared  and 
^'  regenerated."  But  if  the  first  strip  failed  to  cover  itself  satisfactorily, 
the  operation  is  stopped,  for  it  would  be  unwise  to  remove  the  seed  trees 
further  by  an  additional  clearing.    Accordingly,  this  method  should  be 


Fio.  13,— Showing  plan  of  group  system  in  rogenoratiiig  a  forest  crop.  1,  2,  3,  4,  succes- 
sive groups  of  young  timber,  1  being  the  oldest,  4  the  youngest,  5  okl  timber;  a,  Avind 
mantle,  specially  managed  to  secure  protection. 

used  only  where  the  kinds  composing  the  mother  crop  are  frequent  and 
abundant  seeders  and  give  assurance  of  reseeding  the  strips  quickly 
and  successfully. 

The  other  two  methods  have  greater  chances  of  success  in  that  they 
preserve  the  soil  conditions  more  surely,  and  there  is  more  assurance  of 
seeding  from  the  neighboring  trees  on  all  sides. 

The  selection  method.,  by  which  single  trees  are  taken  out  all  over  the 
forest,  is  the  same  as  has  been  practiced  by  the  farmer  and  lumberman 
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hitherto,  only  they  have  forgotten  to  look  after  the  young  crop.  Millions 
of  seed  may  fall  to  the  ground  and  germinate,  but  perish  from  the  exces- 
sive shade  of  the  mother  trees.  If  we  wish  to  be  successful  in  estab- 
lishing a  iiew  crop,  it  will  be  necessary  to  be  ready  with  the  ax  all  the 
time  and  give  light  as  needed  by  the  young  crop.  The  openings  made 
by  taking  out  single  trees  are  so  small  that  there  is  great  danger  of  the 
young  crop  being  lost,  or  at  least  impeded  in  its  development,  because 
it  is  impracticable  to  come  in  time  to  its  relief  with  the  ax. 

The  best  method,  therefore,  in  all  respects,  is  the  '^  group  methodj^^ 
which  not  only  secures  continuous  soil  cover,  chances  for  full  seeding, 
and  more  satisfactory  light  conditions,  but  requires  less  careful  atteu- 
tion,  or  at  least  permits  more  freedom  of  movement  and  adaptation  to 
local  conditions  (fig.  13). 

It  is  especially  adapted  to  mixed  woods,  as  it  permits  securing  for  each 
species  the  most  desirable  light  conditions  by  making  the  openings  larger 
or  smaller,  according  as  the  species  we  wish  to  favor  in  a  particular  group 
demand  more  or  less  shade.  Further,  when  different  species  are  ripe 
for  regeneration  at  different  times,  this  plan  makes  it  possible  to  take 
them  ill  hand  a^s  needed.  Again,  we  can  begin  with  one  group  or  we  can 
take  in  hand  several  groups  simultaneously,  as  may  be  desirable  and 
practicable. 

We  start  our  groups  of  new  crop  either  where  a  young  growth  is 
already  on  the  ground,  enlarging  around  it,  or  where  old  timber  has 
reached  its  highest  usefulness  and  should  be  cut  in  order  that  we  may 
not  lose  the  larger  growth  which  young  trees  would  make;  or  else  we 
choose  a  place  which  is  but  poorly  stocked,  where,  if  it  is  not  regener- 
ated, the  soil  is  likely  to  deteriorate  further.  The  choice  is  affected 
further  by  the  consideration  that  dry  situations  should  be  taken  in  hand 
earlier  tlian  those  in  which  the  soil  and  site  are  more  favorable,  and 
that  some  species  reach  maturity  and  highest  use  value  earlier  than 
others  and  should  therefore  be  reproduced  earlier.  In  short,  we  begin 
the  regeneration  when  and  where  the  necessity  for  it  exists,  or  where 
the  young  crop  has  the  best  chance  to  start  most  satisfactorily  with  the 
least  artificial  aid.  Of  course,  advantage  should  be  taken  of  the  occur- 
rence of  seed  years,  which  come  at  different  intervals  with  different 
species. 

If  we  begin  with  a  group  of  young  growth  already  on  the  ground, 
our  i)lan  is  to  remove  gradually  the  old  trees  standing  over  them  when 
no  longer  required  for  shade,  and  then  to  cut  away  the  adjoining  old 
growth  and  enlarge  the  opening  in  successive  narrow  bands  around 
the  young  growth.  When  the  first  band  has  seeded  itself  satisfac- 
torily, and  the  young  growth  has  come  to  require  more  light  (which 
may  take  several  years),  we  remove  another  band  around  it,  and  thus 
the  regeneration  progresses.  Where  no  young  growth  already  exists, 
of  course  the  first  opening  is  made  to  afford  a  start,  and  afterwards  the 
enlargement  follows  as  occasion  requires. 
9373— No.  G7 3 
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SIZE   OF   OPENINGS. 

The  size  of  the  openings  and  the  rapidity  with  which  they  should  be 
enlarged  vary,  of  course,  with  local  conditions  and  the  species  which  is 
to  be  favored,  the  light-needing  species  requiring  larger  openings  and 
quicker  light  additions  than  the  shade-enduring.  It  is  difficult  to  give 
any  rules,  since  the  modifications  due  to  local  conditions  are  so  mani- 
fold, requiring  observation  and  judgment.  Caution  in  not  opening  too 
much  at  a  time  and  too  quickly  may  avoid  failure  in  securing  good  stands. 

In  general,  the  first  openings  may  contain  from  one-fourth  to  one-half 
an  acre  or  more,  and  the  gradual  enlarging  may  progress  by  clearing 
bands  of  a  breadth  not  to  exceed  the  height  of  the  surrounding  timber. 

The  time  of  the  year  when  the  cutting  is  to  be  done  is  naturally  in 
winter,  when  the  farmer  has  the  most  leisure,  and  when  the  wood  sea- 
sons best  after  felling  and  is  also  most  readily  moved.  Since  it  is 
expected  that  the  seed  fallen  in  the  autumn  will  sprout  in  the  spring, 
all  wood  should,  of  course,  be  removed  from  the  seed  ground. 

The  first  opening,  as  well  as  the  enlargement  of  the  groups,  should 
not  be  made  at  once,  but  by  gradual  thinning  out,  if  the  soil  is  not  in 
good  condition  to  receive  and  germinate  the  seed  and  it  is  impractica- 
ble to  put  it  in  such  condition  by  artificial  means — hoeing  or  plowing. 

It  is,  of  course,  quite  practicable — nay,  sometimes  very  desirable — to 
prepare  the  soil  for  the  reception  and  germination  of  the  seed.  Where 
undesirable  undergrowth  has  started,  it  should  be  cut  out,  and  where 
the  soil  is  deteriorated  with  weed  growth  or  comj)acted  by  the  tramping 
of  cattle,  it  should  be  hoed  or  otherwise  scarified,  so  that  the  seed  may 
find  favorable  conditions.  To  let  pigs  do  the  plowing  and  the  covering 
of  acorns  is  not  an  uncommon  practice  abroad. 

It  is  also  quite  proper,  if  the  reproduction  from  the  seed  of  the  sur- 
rounding mother  trees  does  not  progress  satisfactorily,  to  assist,  when 
an  opportunity  is  afforded,  b}^  planting  such  desirable  species  as  were 
or  were  not  in  the  composition  of  the  original  crop. 

It  may  require  ten,  twenty,  or  forty  years  or  more  to  secure  the  repro- 
duction of  a  wood  lot  in  this  Avay.  A  new  growth,  denser  and  better 
than  the  old,  with  timber  of  varying  age,  will  be  the  result.  The  prog- 
ress of  the  regeneration  in  groups  is  shown  on  the  accompanying  plan, 
the  different  shadings  showing  the  successive  additions  of  young  crop, 
the  darkest  denoting  the  oldest  .parts,  first  regenerated.  If  we  should 
make  a  section  through  any  one  of  the  groups,  this,  ideally  represented, 
would  be  like  figure  14,  the  old  growth  on  the  outside,  the  youngest 
new  crop  adjoining  it,  and  tiers  of  older  growths  of  varying  height 
toward  the  center  of  the  group. 

WIND  MANTLE. 

On  the  plan  there  will  be  noted  a  strii)  specially  shaded,  sniTounding 
the  entire  plat  (fig.  13,  a),  rei>reseiiting  a  strip  of  timber  which  should 
surround  the  farmer's  wood  lot,  and  which  he  should  keep  as  dense  as 
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l)ossible,  especially  favoring  undergrowth.  This  part,  if  practicable, 
should  be  kept  reproduced  as  copi^ice  or  by  the  method  of  selection, 
i.  e.,  by  taking  out  trees  here  and  there.  When  gaps  are  made,  they 
should  be  filled,  if  possible,  by  introducing  shade-enduring  kinds,  which, 
like  the  spruces  and  firs  and  beech,  retain  their  branches  down  to  the 
foot  for  a  long  time.  This  mantle  is  intended  to  protect  the  interior 
against  the  drying  influence  of  winds,  which  are  bound  to  enter  the 
small  wood  lot  and  deteriorate  the  soil.  The  smaller  the  lot,  the  more 
necessary  and  desirable  it  is  to  maintain  such  a  protective  cover  or 
windbreak. 


Old  timber. 


2d.  1st  cutting.  M.  Sd. 

I'lG.  14. — Apitearancc  of  regeneration  by  group  inetluxl. 


Old  timber. 


COPPICE. 

besides  reproducing  a  wood  crop  from  the  seed  of  mother  trees  or  by 
planting,  there  is  another  reproduction  possible  by  sprouts  from  the 
stump.  This,  to  be  sure,  can  be  done  only  with  broad-leafed  species, 
since  conifers,  with  but  few  exceptions,  do  not  sprout  from  the  stump. 
When  a  wood  lot  is  cut  over  and  over  again,  the  reproduction  taking 
place  by  such  sprouts  we  call  coppice. 

Most  wooded  areas  in  the  Eastern  States  have  been  so  cut  that  repro- 
duction from  seed  could  not  take  place,  and  hence  we  have  large  areas 
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of  coppice,  with  very  few  seedling  trees  interspersed.  As  we  have  seen 
in  the  chapter  on  "  How  trees  grow,"  the  sprouts  do  not  develop  into 
as  good  trees  as  the  seedlings.  They  grow  faster,  to  be  sure,  in  the 
beginning,  but  do  not  grow  as  tall  and  are  apt  to  be  shorter  lived. 

For  the  production  of  firewood,  fence,  and  post  material,  coppice  man- 
agement may  sufiSce,  but  not  for  dimension  timber.  And  even  to  keep 
the  coppice  in  good  reproductive  condition,  care  should  be  taken  to 
secure  a  certain  proportion  of  seedling  trees,  since  the  old  stumps,  after 
repeated  cutting,  fail  to  sprout  and  die  out. 

Soil  and  climate  Influence  the  success  of  the  coppice ;  shallow  soils 
produce  weaker  but  more  numerous  sprouts  and  are  more  readily  dete- 
riorated by  the  repeated  laying  bare  of  the  soil  j  a  mild  climate  is  most 
favorable  to  a  continuance  of  thie  reproductive  power  of  the  stump. 

Some  species  sprout  more  readily  than  others;  hence  the  composition 
of  the  crop  will  change,  unless  attention  is  paid  to  it.  In  the  coppice, 
as  in  any  other  management  of  a  natural  w6od  cropj  a  desirable  com- 
position must  first  be  secured,  which  is  done  by  timely  imi^rovement 
cuttings,  as  described  in  a  previous  section. 

The  best  trees  for  coppice  in  the  northeastern  States  are  the  chest- 
nut, various  oaks,  hickory,  ash,  elm,  maples,  basswood,  and  black  locust, 
which  are  all  good  sprouters. 

When  cutting  is  done  for  reproduction,  the  time  and  manner  are  the 
main  care.  The  best  results  are  probably  obtained,  both  financially 
and  with  regard  to  satisfactory  reproduction,  when  the  coppice  is  cut 
between  the  twentieth  and  thirtieth  years.  All  cutting  must  be  done 
in  early  spring  or  in  winter,  avoiding,  however,  days  of  severe  frost, 
which  is  apt  to  sever  the  bark  from  the  trunk  and  to  kill  the  cambium. 
Cutting  in  summer  kills  the  stump,  as  a  rule.  The  cut  should  be  made 
slanting  downward,  and  as  smooth  as  possible,  to  prevent  collection  of 
moisture  on  the  stump  and  the  resulting  decay,  and  as  close  as  j)ossible 
to  the  ground,  where  the  stump  is  less  exposed  to  injuries,  and  the  new 
sprouts,  starting  close  to  the  ground,  may  strike  independent  roots. 

Fail  places  or  gaps  should  be  filled  by  planting.  This  can  be  readily 
done  by  bending  to  the  ground  some  of  the  neighboring  sprouts,  when  2 
to  3  years  old,  notching,  fastening  them  down  with  a  wooden  hook  or 
a  stone,  and  covering  them  with  soil  a  short  distance  (4  to  6  inches) 
from  the  end.  The  sprout  will  then  strike  root,  and  after  a  year  or  so 
may  be  severed  from  the  mother  stock  by  a  sharp  cut  (fig.  15). 

For  the  recuperation  of  the  crop,  it  is  desirable  to  maintain  a  supply 
of  seedling  trees,  which  may  be  secured  either  by  the  natural  seeding  of 
a  few  mother  trees  of  the  old  croj)  which  are  left,  or  by  planting.  This 
kind  of  management,  copjiice  with  seedling  or  standard  trees  inter- 
mixed, if  the  latter  are  left  regularly  and  well  distributed  over  the 
wood  lot,  leads  to  a  management  called  "standard  coppice."  In  this 
it  is  attempted  to  avoid  the  drawbacks  of  the  coppice,  viz,  failure  to 
produce  dimension  material  and  running  out  of  the  stocks.     The  former 
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object  is,  however,  only  partially  accomplished,  as  the  trees  grown  with- 
out sufficient  side  shading  are  apt  to  produce  branchy  boles  and  hence 
knotty  timber,  besides  injuring  the  coppice  by  their  shade. 

PLAN  OF  MANAGEMENT. 

In  order  to  harmonize  the  requirements  of  the  wood  lot  from  a  sylvi- 
cultural  point  of  view,  and  the  needs  of  the  farmer  for  wood  supplies, 
the  cutting  must  follow  some  systematic  i>lan. 

The  improvement  cuttings  need  not,  in  point  of  time,  have  been  made 
all  over  the  lot  before  beginning  the  cuttings  for  regeneration,  i^rovided 
they  have  been  made  in  those  parts  which  are  to  be  regenerated.  Both 
the  cuttings  may  go  on  simultaneously,  and  this  enables  the  farmer  to 
gauge  the  amount  of  cutting  to  his  consumption.    According  to  the 


Fig.  15.— Method  of  liiyeriug  to  produce  new  stocks  iu  coppice  wood. 

amount  of  wood  needed,  one  or  more  groups  may  be  started  at  the  same 
time.  It  is,  however,  desirable,  for  the  sake  of  renewing  the  crop 
systematically,  to  arrange  the  groups  in  a  regular  order  over  the  lot. 


4.   HCW   TO  CULTIVATE   THE   WOOD    CROP. 

Where  only  firewood  is  desired,  i.  e.,  wood  without  special  form,  size, 
or  quality,  no  attention  to  the  crop  is  necessary,  except  to  insure  that 
it  covers  the  ground  completely.  Nevertheless,  even  in  such  a  crop, 
which  is  usually  managed  as  coi)i)ice,^  some  of  the  operations  described 
in  this  chapter  may  x)rove  advantageous.  Where,  however,  not  only 
quantity  but  useful  quality  of  the  crop  is  also  to  be  secured,  the  develop- 
ment of  the  wood  crop  may  be  advantageously  influenced  by  controlling 
the  supply  of  light  available  to  the  individual  trees. 


See  page  35  for  description  of  coppice. 
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It  may  be  proper  to  repeat  here  briefly  what  has  been  explained  in 
previous  pages  regarding  the  influence  of  light  on  tree  development. 

EFFECT  OF  LiaHT  ON  WOOD  PRODUCTION. 

Dense  shade  preserves  soil  moisture,  the  most  essential  element  for 
wood  production  5  a  close  stand  of  suitable  kinds  of  trees  secures  this 
shading  and  prevents  the  surface  evaporation  of  soil  moisture,  making 
it  available  for  wood  production.  But  a  close  stand  also  cuts  ofl"  side 
light  and  confines  the  lateral  growing  space,  and  hence  i)revents  the 
development  of  side  branches  and  forces  the  growth  energy  of  the  soil 
to  expend  itself  in  height  growth 5  the  crown  is  carried  up,  and  long, 
cylindrical  shafts,  clear  of  branches,  are  developed  5  a  close  stand  thus 
secures  desirable  form  and  quality.  Yet,  since  the  quality  of  wood  pro- 
duction or  accretion  (other  things  being  equal)  is  in  direct  proportion 
to  the  amount  of  foliage  and  the  available  light,  and  since  an  open 
position  promotes  the  development  of  a  larger  crown  and  of  more  foli- 
age, an  open  stand  tends  to  secure  a  larger  amount  of  wood  accretion 
on  each  tree.  On  the  other  hand,  a  tree  grown  in  the  open,  besides 
producing  more  branches,  deposits  a  larger  proportion  of  wood  at  the 
base,  so  that  the  shape  of  the  bole  becomes  more  conical,  a  form  which 
in  sawing  proves  unprofitable  5  whereas  a  tree  grown  in  the  dense  for- 
est both  lengthens  its  shaft  at  the  exjiense  of  branch  growth  and  makes 
a  more  even  deposit  of  wood  over  the  Avhole  trunk,  thus  attaining  a  more 
cylindrical  form.  While,  then,  the  total  amount  of  wood  production  per 
acre  may  be  as  large  in  a  close  stand  of  trees  as  in  an  open  one  (within 
limits),  the  distribution  of  this  amount  among  a  larger  or  smaller  num- 
ber of  individual  trees  produces  different  results  in  the  quality  of  the 
crop.  And  since  the  size  of  a  tree  or  log  is  important  in  determining 
its  usefulness  and  value,  the  sooner  the  individual  trees  reach  useful 
size,  without  suffering  in  other  points  of  quality,  the  more  profitable  the 
whole  crop. 

NUMBER  OF  TREES  PER  ACRE. 

The  care  of  the  forester,  then,  should  be  to  maintain  the  smallest 
number  of  individuals  on  the  ground  which  will  secure  the  greatest 
amount  of  wood  growth  in  the  most  desirable  form  of  which  the  soil 
and  climate  are  capable,  without  deteriorating  the  soil  conditions.  He 
tries  to  secure  the  most  advantageous  individual  development  of  sin- 
gle trees  without  suffering  the  disadvantages  resulting  from  too  open 
stand.  The  solution  of  this  i^roblem  requires  the  greatest  skill  and 
judgment,  and  rules  can  hardly  be  formulated  with  precision,  since  for 
every  species  or  combination  of  si)ecies  and  conditions  these  rules 
must  be  modified. 

In  a  well-established  young  croj>  the  number  of  seedlings  per  acre 
varies  greatly,  from  3,000  to  100,000,  according  to  soil,  species,  and 
the  manner  in  which  it  originated,  whether  planted,  sown,  or  seeded 
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naturally.^  Left  to  themselves,  the  seedlings,  as  they  develop,  begin  to 
crowd  each  other.  At  first  this  crowding  results  only  in  increasing 
the  heiglit  growth  and  in  preventing  the  spread  and  full  development 
of  side  branches 5  by  and  by  the  lower  branches  failing  to  receive  suf- 
cient  light  finally  die  and  break  off — the  shaft  *' clears  itself."  Then  a 
distinct  development  of  definite  crowns  takes  i)lace,  and  after  some 
years  a  difference  of  height  growth  in  different  individuals  becomes 
marked.  Not  a  few  trees  fail  to  reach  the  general  ui)per  crown  surface, 
and,  being  more  or  less  overtopi)ed,  we  can  readily  classify  them  accord- 
ing to  height  and  development  of  crown,  the  superior  or  "dominating" 
ones  growing  more  and  more  vigorously,  the  inferior  or  *^  dominated" 
trees  falling  more  and  more  behind,  and  finally  dying  for  lack  of  light, 
and  thus  a  natural  reduction  iu  numbers,  or  thinning,  takes  place.  This 
natural  thinning  goes  on  with  varying  rates  at  different  ages  continu- 
ing through  the  entire  life  of  the  crop,  so  that,  while  only  4,000  trees 
per  acre  may  be  required  in  the  tenth  year  to  make  a  dense  crown  cover 
or  normally  close  stand,  untouched  by  man,  in  the  fortieth  year  1,200 
would  suffice  to  make  the  same  dense  cover,  in  the  eightieth  year  350 
would  be  a  full  stand,  and  in  the  one  hundredth  not  more  than  250, 
according  to  soil  and  species,  more  or  less.  As  we  can  discern  three 
stages  in  the  development  of  a  single  tree — the  juvenile,  adolescent, 
and  mature — so,  in  the  development  of  a  forest  growth,  we  may  distin- 
guish three  corresponding  stages,  namely,  the  "thicket"  or  brushwood, 
the  "pole- wood"  or  sapling,  and  the  "timber"  stage.  During  the 
thicket  stage,  in  which  the  trees  have  a  bushy  appearance,  allowing 
hardly  any  distinction  of  stem  and  crown,  the  height  growth  is  most 
rapid.  This  period  may  last,  according  to  conditions  and  species,  from 
5  or  10  to  30  and  even  40  years — longer  on  poor  soils  and  with  shade- 
enduring  species,  shorter  with  light-needing  species  on  good  soils — and, 
while  it  lasts,  it  is  in  the  interest  of  the  wood  grower  to  maintain  the 
close  stand,  which  produces  the  long  shaft,  clear  of  branches,  on  which 
at  a  later  period  the  wood  that  makes  valuable,  clear  timber,  may 
accuumlate.  Form  development  is  now  most  important.  The  -lower 
branches  are  to  die  and  break  off  before  they  become  too  large.  (See 
illustrations  of  the  i)rogress  of  "clearhig,"  on  pp.  15  and  16.)  With 
light-needing  species  and  with  deciduous  trees  generally  this  dying  off 
is  accompUshed  more  easily  than  with  conifers.  The  spruces  and  even 
the  white  pine  require  very  dense  shading  to  "clear"  the  shaft.  Dur- 
ing this  period  it  is  only  necessary  to  weed  out  the  undesirable  kinds, 
such  as  trees  infested  by  insect  and  fungus,  shrubs,  sickly,  stunted,  or 
bushy  trees  which  are  apt  to  overtop  and  prevent  the  development  of 
their  better  neighbors.  In  short,  our  attention  is  now  devoted  mainly 
to  improving  the  composition  of  the  crop. 

'If  the  crop  does  not,  at  3  to  5  years  of  age,  shade  tlie  ground  well,  with  :t  complete 
crown  cover,  or  canopy,  it  can  not  be  said  to  be  well  eatabliahed  and  should  be  filled 
out  by  planting. 
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WEEDING  AND  CLEANING  THE  CROP. 

This  weeding  or  cleaning  is  easily  done  with  shears  when  the  crop  is 
from  3  to  5  years  old.  Later,  mere  cutting  back  of  the  undesirable  trees 
with  a  knife  or  hatchet  may  be  practiced.  In  well-made  artificial  plan- 
tations this  weeding  is  rarely  needed  until  about  the  eighth  or  tenth 
year.  But  in  natural  growths  the  young  crop  is  sometimes  so  dense 
as  to  inordinately  interfere  with  the  development  of  the  individual 
trees.  The  stems  then  remain  so  slender  that  there  is  danger  of  their 
being  bent  or  broken  by  storm  or  snow  when  the  growth  is  thinned  out 
later.  In  such  cases  timely  thinning  is  indicated  to  stinmlate  more 
rapid  development  of  the  rest  of  the  crop.  This  can  be  done  most 
cheaply  by  cutting  swaths  or  lanes  one  yard  wide  and  as  far  apart 
through  the  crop,  leaving  strips  standing.  The  outer  trees  of  the  strip, 
at  least,  will  then  shoot  ahead  and  become  the  main  crop.  These  weed- 
ing or  improvement  cuttings,  which  must  be  made  gradually  and  be 
repeated  every  two  or  three  years,  are  best  performed  during  the  sum- 
mer months,  or  in  August  and  September,  when  it  is  easy  to  judge  what 
should  be  taken  out. 

METHODS  OF  THINNING. 

During  the  "thicket"  stage,  then,  which  may  last  from  10  to  25  and 
more  years,  the  crop  is  gradually  brought  into  proper  (iomposition  and 
condition.  When  the  "pole- wood"  stage  is  reached,  most  of  the  sap- 
lings being  now  from  3  to  6  inches  in  diameter  and  from  15  to  25  feet 
in  height,  the  variation  in  sizes  and  in  appearance  becomes  more  and 
more  marked.  Some  of  the  taller  trees  begin  to  show  a  long,  clear 
shaft  and  a  definite  crown.  The  trees  can  be  more  or  less  readily 
classified  into  height  and  size  classes.  The  rate  at  which  the  height 
growth  has  progressed  begins  to  fall  off  and  diameter  growth  increases. 
Now  comes  the  time  when  attention  must  be  given  to  increasing  this 
diameter  growth  by  reducing  the  number  of  individuals  and  thus  having 
all  the  wood  which  the  soil  can  produce  deposited  on  fewer  individuals. 
This  is  done  by  judicious  and  often  repeated  thinning,  taking  out  some 
of  the  trees  and  thereby  giving  more  light  and  increasing  the  foliage  of 
those  remaining;  and  as  the  crowns  expand,  so  do  the  trunks  increase 
their  diameter  in  direct  proportion.  These  thinnings  must,  however, 
be  made  cautiously  lest  at  the  same  time  the  soil  is  exposed  too  much, 
or  the  branch  growth  of  those  trees  which  are  to  become  timber  wood 
is  too  much  stinuilated.  So  varying  are  the  conditions  to  be  considered, 
according  to  soil,  site,  species,  and  development  of  the  crop,  that  it  is 
well-nigh  impossible,  without  a  long  and  detailed  discussion,  to  lay 
down  rules  for  the  proper  procedure.  In  addition  the  oi>inions  of  author- 
ities differ  largely  both  as  to  manner  and  <legree  of  thinning,  the  old 
school  advising  moderate,  and  the  new  school  severer  thinnings. 
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For  the  farmer,  who  can  give  personal  attention  to  detail  and  whose 
object  is  to  grow  a  variety  of  sizes  and  kinds  of  wood,  the  following 
general  method  may  perhaps  be  most  useful: 

First  determine  which  trees  are  to  be  treated  as  the  main  crop  or 
^' final  harvest"  crop.  For  this  300  to  500  trees  per  acre  of  the  best 
grown  and  most  useful  kinds  may  be  selected,  which  should  be  dis- 
tributed as  uniformly  as  possible  over  the  acre.  These,  then — or  as 
many  as  may  live  till  the  final  harvest — are  destined  to  grow  into 
timber  and  are  to  form  the  special  favorites  as  much  as  possible.  They 
may  at  first  be  marked  to  insure  recognition;  later  on  they  will  be 
readily  distinguished  by  their  superior  development.  The  rest,  whicli 
we  will  call  the  "subordinate"  crop,  is  then  to  serve  merely  as  filler, 
nurse,  and  soil  cover. 

WHAT   TREES  TO  REMOVE. 

It  is  now  necessary,  by  careful  observation  of  the  surroundings  of 
each  of  the  "final  harvest"  crop  trees,  or  "superiors,"  as  we  may  call 
them,  to  determine  what  trees  of  the  "subordinate"  crop  trees,  or 
"inferiors,"  must  be  removed.  All  nurse  trees  that  threaten  to  overtop 
the  superiors  must  either  be  cut  out  or  cut  back  and  topped,  if  that  is 
practicable,  so  that  the  crown  of  the  superiors  can  develop  freely. 
Those  that  are  only  narrowing  in  the  superiors  from  the  side,  without 
preventing  their  free  top  development,  need  not  be  interfered  with, 
especially  while  they  are  still  useful  in  preventing  the  formation  and 
spreading  of  side  branches  on  the  superiors.  As  soon  as  the  latter 
have  fully  cleared  their  shafts,  these  crowding  inferiors  must  be  removed. 
Care  must  be  taken,  however,  not  to  remove  too  many  at  a  time,  thus 
opening  the  crown  cover  too  severely  and  thereby  exposing  the  soil  to 
the  drying  influence  of  the  sun.  Gradually,  as  the  crowns  of  inferiors 
standing  farther  away  begin  to  interfere  with  those  of  the  superiors, 
the  inferiors  are  removed,  and  thus  the  full  eflect  of  the  light  is  secured 
in  the  accretion  of  the  main  harvest  crop  j  at  the  same  time  the  branch 
growth  has  been  prevented  and  the  soil  has  been  kept  shaded.  Mean- 
wiiile  thinnings  may  also  be  made  in  the  subordinate  crop,  in  order  to 
secure  also  the  most  material  from  this  part  of  the  crop.  This  is  done 
by  cutting  out  all  Irees  that  threaten  to  be  killed  by  their  neighbors. 
In  this  way  many  a  useful  stick  is  saved  and  the  dead  material,  only 
good  for  firewood,  lessened.  It  is  evident  that  trees  which  in  the  strug- 
gle for  existence  have  fallen  behind,  so  as  to  be  overtopped  by  their 
neighbors,  can  not,  either  by  their  x)resence  or  by  their  removal,  influ- 
ence the  remaining  growth.  They  are  removed  only  in  order  to  utilize 
their  wood  before  it  decays. 

It  may  be  well  to  remark  again  that  an  undergrowth  of  woody  plants 
interferes  in  no  way  with  the  development  of  the  main  crop,  but,  on  the 
contrary,  aids  by  its  shade  in  preserving  favorable  moisture  conditions. 
Its  existence,  however,  shows  in  most  cases  that  the  crown  cover  is  not 
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as  dense  as  it  should  be,  and  hence  that  thinning  is  not  required. 
Grass  and  weed  growth,  on  the  other  hand,  is  emphatically  disadvan- 
tageous and  shows  that  the  crown  cover  is  dangerously  open. 

The  answer  to  the  three  questions,  When  to  begin  the  thinnings, 
How  severely  to  thin,  and  How  often  to  repeat  the  operation,  must 
always  depend  upon  the  varying  appearance  of  the  growth  and  the 
necessities  in  each  case.  The  first  necessity  for  interference  may  arise 
with  light-needing  species  as  early  as  the  twelfth  or  fifteenth  year;  with 
shade-enduring,  not  before  the  twentieth  or  twenty-fifth  year.  The 
necessary  severity  of  the  thinning  and  the  repetition  are  somewhat 
interdependent.  It  is  better  to  thin  carefully  and  rei)eat  the  operation 
oftener  than  to  open  up  so  severely  at  once  as  to  jeopardize  the  soil 
conditions.  Especially  in  younger  growths,  and  on  poorer  soil,  it  is 
best  never  to  open  a  continuous  crown  cover  so  that  it  could  not  close 
up  again  within  3  to  5  years;  rather  repeat  the  operation  oftener. 
Later,  when  the  trees  have  attained  heights  of  50  to  60  feet  and  clear 
boles  (which  may  be  in  40  to  50  years,  according  to  soil  and  kind)  the 
thinning  may  be  more  severe,  so  as  to  require  repetition  only  every 
6  to  10  years. 

The  condition  of  the  crown  cover,  then,  is  the  criterion  which  directs 
the  ax.  As  soon  as  the  crowns  again  touch  or  interlace,  the  time  bas 
arrived  to  thin  again.  In  mixed  growths  it  must  not  be  overlooked 
that  light-needing  species  must  be  specially  protected  against  shadier 
neighbors.  Shade-enduring  trees,  such  as  the  spruces,  beech,  sugar 
maple,  and  hickories,  bear  overtopping  for  a  time  and  will  then  grow  vig- 
orously when  more  light  is  given,  while  light-needing  species,  like  the 
pines,  larch,  oaks,  and  ash,  when  once  suppressed,  niay  never  be  able  to 
recover. 

Particular  attention  is  called  to  the  necessity  of  leaving  a  rather 
denser  "wind  mantle"  all  around  small  groves.  In  this  part  of  the 
grove  the  thinning  must  be  less  severe,  unless  coniferous  trees  on  the 
outside  can  be  encouraged  by  severe  thinning  to  hold  their  branches 
low  down,  thus  increasing  their  value  as  windbreaks. 

The  thinnings,  then,  while  giving  to  the  "final  harvest"  crop  all  the 
advantage  of  light  for  promoting  its  rapid  development  into  service- 
able timber  size,  furnish  also  better  material  from  the  subordinate  crop. 
At  GO  to  70  years  of  age  the  latter  may  have  been  entirely  removed  and 
only  the  originally  selected  "superiors"  remain  on  the  ground,  or  as 
many  of  them  as  have  not  died  and  been  removed;  250  to  400  of  these 
per  acre  will  make  a  perfect  stand  of  most  valuable  form  and  size,  ready 
for  the  final  harvest,  which  should  be  made  as  indicated  in  the  preceding 
chapter. 
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5.— THE  RELATION  OF  FORESTS  TO  FARMS. 

That  all  things  in  nature  are  related  to  each  other  and  interde- 
pendent is  a  common  saying,  a  fact  doubted  by  nobody,  yet  often 
forgotten  or  neglected  in  practical  life.  The  reason  is  partly  indiffer- 
ence and  partly  ignorance  as  to  the  actual  nature  of  tlie  relationship; 
hence  we  suffer,  deservedly  or  not. 

The  farmer's  business,  more  than  any  other,  perhaps,  depends  for 
its  success  upon  a  true  estimate  of  and  careful  regard  for  this  inter- 
relation, lie  adapts  his  crop  to  the  nature  of  the  soil,  the  manner 
of  its  cultivation  to  the  changes  of  the  seasons,  and  altogether  he 
shapes  conditions  and  places  them  in  their  proper  relations  to  each 
other  and  adapts  himself  to  them. 

Soil,  moisture,  and  heat  are  the  three  factors  which,  if  properly 
related  and  utilized,  combine  to  produce  his  crops.  In  some  direc- 
tions he  can  control  these  factors  more  or  less  readily;  in  others  they 
are  withdrawn  from  his  immediate  influence,  and  he  is  seemingly 
helpless.  He  can  maintain  the  fertility  of  the  soil  by  manuring,  by 
proper  rotation  of  crops,  and  by  deep  culture;  he  can  remove  surplus 
moisture  by  ditching  and  draining;  he  can,  by  irrigation  systems, 
bring  water  to  his  crops,  and  by  timely  cultivation  prevent  excessive 
evaporation,  thereby  rendering  more  water  available  to  the  crop; 
but  he  can  not  control  the  rainfall  nor  the  temperature  changes  of 
the  seasons.  Recent  attempts  to  control  the  rainfall  by  direct  means 
exhibit  one  of  the  greatest  follies  and  misconceptions  of  natural 
forces  we  have  witnessed  during  this  age.  Nevertheless,  by  Indirect 
means  the  farmer  has  it  in  his  power  to  exercise  much  greater  control 
over  these  forces  than  he  has  attempted  hitherto.  He  can  prevent  or 
reduce  the  unfavorable  effects  of  temperature  changes;  he  can  increase 
the  available  water  supplies,  and  prevent  the  evil  effects  of  excessive 
rainfall;  he  can  so  manage  the  waters  which  fall  as  to  get  the  most 
benefit  from  them  and  avoid  the  harm  which  they  are  able  to  inflict. 

Before  attempting  to  control  the  rainfall  itself  by  artifice,  we  should 
study  how  to  secure  the  best  use  of  that  which  falls,  as  it  comes  within 
reach  of  human  agencies  and  becomes  available  by  natural  causes. 

How  poorly  we  understand  the  use  of  these  water  supplies  is  evi- 
denced yearly  by  destructive  freshets  and  floods,  with  the  accompany- 
ing washing  of  soil,  followed  by  droughts,  low  waters,  and  deteriora- 
tion of  agricultural  lands.  It  is  claimed  that  annually  in  the  UnitM 
States  about  200  square  miles  of  fertile  soil  are  washed  into  brooks 
and  rivers,  a  loss  of  soil  capital  which  can  not  be  repaired  for  centu- 
ries. At  the  same  time  millions  of  dollars  are  appropriated  yearly  in 
the  river  and  harbor  bills  to  dig  out  the  lost  farms  from  the  rivers,  and 
many  thousands  of  dollars'  worth  of  crops  and  other  property  are 
destroyed  by  floods  and  overflows;  not  to  count  the  large  loss  from 


44 

droughts  which  this  country  suffers  yearly  in  one  part  or  the  other, 
and  which,  undoubtedly,  could  be  largely  avoided,  if  we  knew  how  to 
manage  the  available  water  supplies. 

The  regulation,  proper  distribution,  and  utilization  of  the  rain 
waters  in  humid  as  well  as  in  arid  regions — water  management — is  to 
be  the  great  problem  of  successful  agriculture  in  the  future. 

One  of  the  most  powerful  means  for  such  water  management  lies  in 
the  proper  distribution  and  maintenance  of  forest  areas.  Nay,  we 
can  say  that  the  most  successful  water  management  is  not  possible 
without  forest  management. 

THE  FOREST  WATERS  THE  FARM. 

Whether  forests  increase  the  amount  of  precipitation  within  or  near 
their  limits  is  still  an  open  question,  although  there  are  indications 
that  under  certain  conditions  large,  dense  forest  areas  may  have  such 
an  effect.  At  any  rate,  the  water  transpired  by  the  foliage  is  certain, 
in  some  degree,  to  increase  the  relative  humidity  near  the  forest,  and 
thereby  increase  directly  or  indirectly  the  water  supplies  in  its  neigh- 
borhood. This  much  we  can  assert,  also,  that  while  extended  plains 
and  fields,  heated  by  the  sun,  and  hence  giving  rise  to  warm  currents 
of  air,  have  the  tendency  to  prevent  condensation  of  the  passing 
moisture-bearing  currents,  forest  areas,  with  their  cooler,  moister  air 
strata,  do  not  have  such  a  tendency,  and  local  showers  may  therefore 
become  more  frequent  in  their  neighborhood.  But,  though  no  increase 
in  the  amount  of  rainfall  may  be  secured  by  forest  areas,  the  availa- 
bility of  whatever  falls  is  increased  for  the  locality  by  a  well-kept  and 
properl}^  located  forest  growth.  The  foliage,  twigs,  and  branches  break 
the  fall  of  the  raindrops,  and  so  does  the  litter  of  the  forest  floor,  hence 
the  soil  under  this  cover  is  not  compacted  as  in  the  open  field,  but 
kept  loose  and  granular,  so  that  the  water  can  readily  penetrate  and 
percolate ;  the  water  thus  reaches  the  ground  more  slowly,  dripping 
gradually  from  the  leaves,  branches,  and  trunks,  and  allowing  more 
time  for  it  to  sink  into  the  soil.  This  percolation  is  also  made  easier 
by  the  channels  along  the  many  roots.  Similarly,  on  account  of  the 
open  structure  of  the  soil  and  the  slower  melting  of  the  snow  under 
a  forest  cover  in  spring,  where  it  lies  a  fortnight  to  a  month  longer 
than  in  exposed  positions  and  melts  with  less  waste  from  evaporation, 
the  snow  waters  more  fiilly  penetrate  the  ground.  Again,  more  snow 
is  caught  and  preserved  under  the  forest  cover  than  on  the  wind-swept 
fields  and  prairies. 

All  these  conditions  operate  together,  with  the  result  that  larger 
amounts  of  the  water  sink  into  the  forest  soil  and  to  greaier  depths 
than  in  open  fields.  This  moisture  is  conserved  because  of  the  reduced 
evai^oration  in  the  cool  and  still  forest,  air,  being  protected  from  the 
two  great  moisture-dissipating  agents,  sun  and  wind.  By  these  con- 
ditions alone  the  water  supplies  available  in  the  soil  are  increased  from 
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50  to  60  per  cent  over  those  available  on  the  open  field.  Owing  to 
these  two  causes,  then — increased  percolation  and  decreased  evapora- 
tion— larger  amounts  of  moisture  become  available  to  feed  tlie  sjirings 
and  subsoil  waters,  and  these  become  finally  available  to  tlie  farm,  if 
the  forest  is  located  at  a  higher  elevation  than  the  field.  The  great 
importance  of  the  subsoil  water  especially  and  the  influence  of  forest 
areas  upon  it  has  so  far  received  too  little  attention  and  appreciation. 
It  is  the  subsoil  water  that  is  capable  of  supplying  the  needed  moisture 
in  times  of  drought. 

THE  FOREST  TEMPERS  THE  FARM. 

Another  method  by  which  a  forest  belt  becomes  a  conservator  of 
moisture  lies  in  its  wind-breaking  capacity,  by  which  both  velocity  and 
temi^erature  of  winds  are  modified  and  evaporation  from  the  fields 
to  the  leeward  is  reduced. 

On  the  prairie,  wind  swept  every  day  and  every  hour,  the  farmer 
has  learned  to  plant  a  wind-break  around  his  buildings  and  orchards, 
often  only  a  single  row  of  trees,  and  finds  even  that  a  desirable  shelter, 
tempering  both  the  hot  winds  of  summer  and  the  cold  blasts  of  win- 
ter. The  fields  he  usually  leaves  unprotected;  yet  a  wind-break 
around  his  crops  to  the  windward  would  bring  him  increased  yield, 
and  a  timber  belt  would  act  still  more  effectively.  Says  a  farmer 
from  Illinois: 

My  experience  is  that  now  in  cold  and  stormy  winters  fields  protected  by  tim- 
ber belts  yield  full  crops,  while  fields  not  protected  yield  only  one-third  of  a  crop. 
Twenty-five  or  thirty  years  ago  we  never  had  any  wheat  killed  by  winter  frost, 
and  every  year  we  had  a  full  crop  of  peaches,  which  is  now  very  rare.  At  that 
time  we  had  plenty  of  timber  around  our  fields  and  orchards,  now  cleared  away. 

Not  only  is  the  temperature  of  the  winds  modified  by  passing  over 
and  through  the  shaded  and  cooler  spaces  of  protecting  timber  belts 
disposed  toward  the  windward  and  alternating  with  the  fields,  but 
their  velocity  is  broken  and  moderated,  and  since  with  reduced 
velocity  the  evaporative  power  of  the  winds  is  very  greatly  reduced, 
so  more  water  is  left  available  for  crops.  Every  foot  in  height  of 
a  forest  growth  will  protect  1  rod  in  distance,  and  several  belts  in 
succession  would  probably  greatly  increase  the  effective  distance. 
By  preventing  deep  freezing  of  the  soil  the  winter  cold  is  not  so 
much  prolonged,  and  the  frequent  fogs  and  mists  that  hover  near 
forest  areas  prevent  many  frosts.  That  stock  will  thrive  better  where 
it  can  find  protection  from  the  cold  blasts  of  winter  and  from  the 
heat  of  the  sun  in  summer  is  a  well-established  fact. 

THE  FOREST  PROTECTS  THE  FARM. 

On  the  sandy  plains,  where  the  winds  are  apt  to  blow  the  sand, 
shifting  it  hither  and  thither,  a  forest  belt  to  the  windward  is  the 
only  means  to  keep  the  farm  XDrotected. 
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In  the  mountain  and  hill  country  the  farms  are  apt  to  suffer  from 
heavy  rains  washing  away  the  soil.  Where  the  tops  and  slopes  are 
bared  of  their  forest  cover,  the  litter  of  the  forest  floor  burnt  up, 
the  soil  trampled  and  compacted  by  cattle  and  by  the  patter  of  the 
raindrops,  the  water  can  not  penetrate  the  soil  readily,  but  is  car- 
ried off  superficially,  especially  when  the  soil  is  of  clay  and  naturally 
compact.  As  a  result  the  waters,  rushing  over  the  surface  down  the 
hill,  run  together  in  rivulets  and  streams  and  acquire  such  a  force  as 
to  be  able  to  move  loose  particles  and  even  stones;  the  ground  be- 
comes furrowed  with  gullies  and  runs;  the  fertile  soil  is  washed 
away ;  the  fields  below  are  covered  with  silt ;  the  roads  are  damaged ; 
the  water  courses  tear  their  banks,  and  later  run  dry  because  the 
waters  that  should  feed  them  by  subterranean  channels  have  been 
carried  away  in  the  flood. 

The  forest  cover  on  the  hilltops  and  steep  hillsides  which  are  not 
fit  for  cultivation  prevents  this  erosive  action  of  the  waters  by  the 
same  influence  by  which  it  increases  available  water  supplies.  The 
important  effects  of  a  forest  cover,  then,  are  retention  of  larger  quan- 
tities of  water  and  carrying  them  off  under  ground  and  giving  them 
up  gradually,  thus  extending  the  time  of  their  usefulness  and  pre- 
venting their  destructive  action. 

In  order  to  be  thoroughly  effective,  the  forest  growth  must  be  dense, 
and,  especially,  the  forest  floor  must  not  be  robbed  of  its  accumula- 
tions of  foliage,  surface  mulch  and  litter,  or  its  underbrush  by  fire, 
nor  must  it  be  compacted  by  the  trampling  of  cattle. 

On  the  gentler  slopes,  which  are  devoted  to  cultivation,  methods 
of  underdraining,  such  as  horizontal  ditches  partly  filled  with  stones 
and  covered  with  soil,  terracing,  and  contour  plowing,  deep  cultiva- 
tion, sodding,  and  proper  rotation  of  crops,  must  be  employed  to  pre- 
vent damage  from  surface  waters. 

THE  FOREST  SUPPLIES  THE  FARM  WITH  USEFUL  MATERIAL. 

All  the  benefits  derived  from  the  favorable  influence  of  forest  belts 
upon  water  conditions  can  be  had  without  losing  any  of  the  useful 
material  that  the  forest  produces.  The  forest  grows  to  be  cut  and  to 
be  utilized;  it  is  a  crop  to  be  harvested.  It  is  a  crop  which,  if  prop- 
erly managed,  does  not  need  to  be  replanted ;  it  reproduces  itself. 

When  once  established,  the  ax,  if  properly  guided  by  skillful  hands, 
is  the  only  tool  necessary  to  cultivate  it  and  to  reproduce  it.  There 
is  no  necessity  of  i)lanting  unless  the  wood  lot  lias  been  mismanaged. 

The  wood  lot,  then,  if  properly  niaimged,  is  not  only  the  guardian 
of  the  farm,  but  it  is  the  savings  bank  from  which  fair  interest  can 
be  annually  drawn,  utilizing  for  the  purpose  the  poorest  part  of  the 
farm.  Nor  does  the  wood  lot  reciuire  much  attention ;  it  is  to  the  farm 
what  the  workbasket  is  to  the  good  housewife — a  means  with  which  to 
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improve  the  odds  and  ends  of  time,  especially  during  the  winter,  when 
other  farm  business  is  at  a  standstill. 

It  may  be  added  that  the  material  which  the  farmer  can  secure 
from  the  wood  lot,  besides  the  other  advantages  recited  above,  is  of 
far  greater  importance  and  value  tlian  is  generallj^  admitted. 

On  a  well-regulated  farm  of  160  acres,  with  its  4  miles  and  more  of 
fencing  and  with  its  wood  fires  in  range  and  stove,  at  least  25  cords 
of  wood  are  required  annually,  besides  material  for  repair  of  l)uild- 
ingg,  or  altogether  the  annual  product  of  probably  40  to  50  acres  of 
well-stocked  forest  is  needed.  The  product  may  represent,  according 
to  location,  an  actual  stumpage  value  of  from  $1  to  $3  per  acre,  a  sure 
crop  coming  every  year  without  regard  to  weather,  without  trouble 
and  work,  and  raised  on  the  poorest  part  of  the  farm.  It  is  question- 
able whether  such  net  results  could  be  secured  with  the  same  steadi- 
ness from  any  other  crop.  Nor  must  it  be  overlooked  that  the  work 
in  harvesting  this  crop  falls  into  a  time  when  little  else  could  be  done. 

Wire  fences  and  coal  fires  are,  no  doubt,  good  substitutes,  but  they 
require  ready  cash,  and  often  the  distance  of  haulage  makes  them 
rather  expensive.  Presently,  too,  when  the  virgin  woods  have  been 
still  further  culled  of  their  valuable  stores,  the  farmer  who  has  pre- 
served a  sufficiently  large  and  well-tended  wood  lot  will  be  able  to 
derive  a  comfortable  money  revenue  from  it  by  supplying  the  market 
with  wood  of  various  kinds  and  sizes.  The  German  State  forests,  with 
their  complicated  administrations,  which  eat  up  4  per  cent  of  the 
gross  income,  yield,  with  prices  of  wood  about  the  same  as  in  our 
country,  an  annual  net  revenue  of  from  II  to  14  and  more  per  acre. 
Why  should  not  the  farmer,  who  does  not  pay  salaries  to  managers, 
overseers,  and  forest  guards,  make  at  least  as  much  money  out  of  this 
crop  when  he  is  within  reach  of  a  market  ? 

With  varying  conditions  the  methods  would  of  course  vary.  In 
a  general  way,  if  he  happens  to  have  a  virgin  growth  of  mixed  woods, 
the  first  care  would  be  to  improve  the  composition  of  the  wood  lot  by 
cutting  out  the  less  desirable  kinds,  the  weeds  of  tree  growth,  and  the 
poorly  grown  trees  which  impede  the  development  of  more  deserving 
neighbors. 

The  wood  thus  cut  he  will  use  as  firewood  or  in  any  other  way,  and, 
even  if  he  could  not  use  it  at  all,  and  had  to  burn  it  up,  the  operation 
would  pay  indirectly  by  leaving  him  a  better  crop.  Then  he  may  use 
the  rest  of  the  crop,  gradually  cutting  the  trees  as  needed,  but  he 
must  take  care  that  the  openings  are  not  made  too  large,  so  that  tliey 
can  readily  fill  out  with  young  growth  from  the  seed  of  the  remain- 
ing trees,  and  he  must  also  pay  attention  to  the  3'oung  aftergrowth, 
giving  it  light  as  needed.  Thus  without  ever  resorting  to  planting  he 
may  harvest  the  old  timber  and  have  a  new  crop  taking  its  place  and 
perpetuate  the  wood  lot  without  in  any  way  curtailing  his  use  of 
the  same. 
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FARMERS'  BULLETINS. 

These  bulletins  are  sent  free  of  charge  to  any  address  upon  applica- 
tion to  the  Secretary  of  Agriculture,  Washington,  D.  C. 

[Only  the  bulletins  named  below  are  available  for  distribution.] 
No.  15.  Some  Destructive  Potato  Diseases :  What  They  Are  and  How  to  Prevent 

Them.    Pp.  8. 
No.  16.  Leguminous  Plants  for  Green  Manuripg  and  for  Feeding.     Pp.  24. 
No.  18.  Forage  Plants  for  the  South.     Pp.  30. 

No.  19.  Important  Insecticides :  Directions  for  Their  Preparation  and  Use.     Pp.  20. 
No.  20.  Washed  Soils :  How  to  Prevent  and  Reclaim  Them.     Pp.  22. 
No.  21.  Barnyard  Manure.     Pp.  32. 
No.  22.  Feeding  Farm  Animals.     Pp.  32. 
No.  23.  Foods:  Nutritive  Value  and  Cost.     Pp.  32. 
No.  24.  Hog  Cholera  and  Swine  Plague.     Pp.  16. 
No.  25.  Peanuts:  Culture  and  Uses.     Pp.24. 
No.  26.  Sweet  Potatoes :  Culture  and  Uses.     Pp.30. 
No.  27.  Flax  for  Seed  and  Fiber.     Pp.  16. 
No.  28.  Weeds;  and  Hoav  to  Kill  Them.     Pp.  30. 

No.  29.  Souring  of  Milk,  and  Other  Changes  in  Milk  Products.     Pp.  2^. 
No.  30.  Grape  Diseases  on  the  Pacific  Coast.     Pp.  16. 
No.  31.  Alfalfa,  or  Lucern.     Pp.  23. 
No.  32.  Silos  and  Silage.     Pp.  31. 
No.  33.  Peach  Growing  for  Market.     Pp.  24. 
No.  34.  Meats:  Composition  and  Cooking.     Pp.29. 
No.  35.  Potato  Culture.     Pp.  23. 
No.  36.  Cotton  Seed  and  Its  Products.     Pp.  16. 
No.  37.  Kafir  Corn :  Characteristics,  Culture,  and  Uses.     Pp.  12. 
No.  38.  Spraying  for  Fruit  Diseases.     Pp.  12. 
No.  39.  Onion  Culture.     Pp.  31. 
No.  40.  Farm  Drainage.     Pp.  24. 
No.  41.  Fowls:  Care  and  Feeding.    Pp.  24. 
No.  42.  Facts  About  Milk.     Pp.  29. 
No.  43.  Sewage  Disposal  on  the  Farm.     Pp.  22. 
No.  44.  Commercial  Fertilizers.     Pp.  24. 
No.  45.  Some  Insects  Injurious  to  Stored  Grain.     Pp.  32. 
No.  46.  Irrigation  in  Humid  Climates.     Pp.  27. 
No.  47.  Insects  Affecting  the  Cotton  Plant.     Pp.  32. 
No.  48.  The  Manuring  of  Cotton.     Pp.  16. 
No.  49.  Sheep  Feeding.     Pp.  24. 
No.  .50.  Sorghum  as  a  Forage  Crop,     Pp.  24. 
No.  51.  Standard  Varieties  of  Chickens.    Pp.  48. 
No.  52.  The  Sugar  Beet.     Pp.  48. 
No.  53.  How  to  Grow  Mushrooms.     Pp.  20. 

No.  54.  Some  Common  Birds  in  Their  Relation  to  Agriculture.     Pp.  40. 
No.. 55.  The  Dairy  Herd:  Its  Formation  and  Management.     Pp.  24. 
No.  56.  Experiment  Station  Work — I.     Pp.  30. 
No.  57.  Butter  Making  on  the  Farm.     Pp.  15. 
No.  58.  The  Soy  Bean  as  a  Forage  Crop.     Pp.  24. 
No.  59.  Bee  Keeping.     Pp.  32. 
No.  60.  Methods  of  Curing  Tobacco.    Pp.  16. 
No.  61.  Asparagus  Culture.     Pp.  40. 
No.  62.  Markj'ting  Farm  Produce.     Pp.  28. 
No.  63.  Care  of  Milk  on  the  Farm.     Pp.  40. 

No.  64.  Ducks  and  Geese:  Standard  Breeds  and  Management.     Pp.  48. 
No.  65.  p:xp«'Timent  Station  Work— II.     Pp.  32. 
No.  66.  Meadows  and  Pastures.     Pp.  24. 
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STATEMENT  OF  MR.  B.  E.  FERNOW,   CHIEF  OF  THE  DIVISION  OF 
FORESTRY,  DEPiifeTMENT  OF  AGRICULTURE. 

COMMITTKK   OX   AGRICULTURE,  HoUSK   OF    REPRKSENTATIVKS, 

Waahingion,  D.  C,  February  10,  1895. 

The  CiiAiUMAX.  rrofossor  Fernow  is  present  this  morninj,^  and  has  been  here  twice 
this  week  at  the  recjuest  of  members  of  tlie  committee.  He  desires  to  present  a  brief 
statement  in  regard  to  the  following  bills  pending  before  the  committee: 

''H.  R.  8389.  To  amend  paragraph  one  of  section  one  of  an  act  approved  Angust 
thirtieth,  eighteen  hundred  and  ninety,  entitled  'An  act  to  apply  a  portion  of  the 
proceeds  of  the  public  lands  to  the  more  complete  endowment  and  snpj)ort  of  the 
colleges  for  the  benefit  of  agriculture  and  the  mechanic  arts,  establishe*!  under  the 
provision  of  an  act  of  Congress  approved  July  second,  eighteen  hundred  and  sixty- 
two.'" 

'^  H.  R.  8390.  To  establish  and  maintain  a  national  school  of  forestry." 

Mr.  Fkuxow.  Mr.  Chairman  and  gentlemen  of  the  connnittee,  this  legislation  for 
the  establishment  of  forestry  courses  at  the  agricultural  c(dleges  ajid  of  a  national 
school  of  forestry  in  connection  with  the  Department  of  Agriculture  has  in  view 
the  promotion  of  a  rational  use  of  our  forest  resources. 

The  forest  resource  of  the  United  States  is  the  largest  producer  of  values,  with 
only  one  exception — the  soil  itself.  Agriculture  the  twin  sister  of  forestry,  produces 
larger  values,  but  only  as  a  result  of  hard  human  labor,  while  the  forest,  without 
much  labor,  except  the  mere  harvesting  by  nature's  unassisted  eft'orts,  yields  the 
enormous  quantities  of  material  which  we  now  use  anuually.  With  an  annual  out- 
put exceeding  in  value  $1,000,000,000,  the  forest  resources  yield  twice  the  amounts 
that  our  mines,  silver,  gold,  coal,  iron,  copper,  zinc,  and  of  whatever  description, 
produce  annually.  Even  if,  instead  of  the  value  of  the  wood  article  ready  for 
marketing,  we  refer  only  to  the  stumpage,  i.  e.,  the  royalty  which  the  wood  con- 
sumer pays  to  the  land  owner  for  the  privilege  of  taking  the  valuable  material  from 
the  land,  we  will  find  it  ten  times  as  large  as  the  royalties  paid  for  coal  and  tweny- 
tive  times  as  large  as  those  paid  for  iron  ore.  Nay,  even  compared  with  farm  rents 
the  stumpage  value  of  an  acre  of  well-grown  forest  in  Michigan  or  Wisconsin 
exceeds  its  farm  value  under  present  conditions. 

Hitherto  this  great  resource  of  wealth  has  been  worked  like  a  mine;  the  accumu- 
lation of  centuries  have  simply  been  quarried.  Worse,  the  forest  has  been  mined 
under  an  irrational  robbing  system;  the  pay  ore  has  been  taken  out  and  the  tail- 
ings have  been  dumped  on  the  rest,  thus  preventing  a  fuller  exploitation  of  the 
same.  Or  we  may  compare  the  methods  pursued  to  those  of  a  butcher,  who  kills  the 
cattle  and  sells  the  meat,  looking  around  for  new  herds  to  slaughter,  which  he  can 
not  do  long,  unless  somebody  maintains  a  herd  for  breeding. 

In  this  manner,  slaughtering  the  timber  which  has  been  stored  through  centuries 
without  looking  toward  reproduction,  we  have  reduced  our  supplies  to  such  a^ 
degree  that  we  are  now  cutting  into  our  capital  to  the  extent  of  50  to  75  per  cent  of 
our  consumption,  probably  only  25  per  cent  of  our  annual  cut  being  rej)re8ented  by 
annual  new  growth.  Our  statistics  are  of  the  crudest,  but  they  need  not  be  much 
refined  to  make  us  appreciate  the  necessity  of  a  change  in  our  method  of  treating 
this  resource.  That  such  a  change  must  be  made  in  good  season  and  long  before  an 
actual  giving  out  of  supplies  is  at  hand  will  be  appreciated  when  we  realize  that 
the  trees  which  we  are  cutting  now  are  mostly  centuries  old;  the  white  pines  which 
our  Michigan  and  Wisconsin  lumbermen  deem  tit  for  sawing  began  to  grow  in  the 
times  of  the  French  and  Indian  wars;  the  yellow  pines,  the  pride  of  the  t^outhern 
lumberman,  must  be  200  years  (dd  and  more  to  satisfy  him— and  the  spruces  of  Maine 
do  not  furnish  much  saw  timber  before  that  age,  while  the  big  tulip  trees  and  cypress, 
and  many  of  the  oaks  of  the  South,  not  to  speak  of  the  magnificent  giants  of  the 
Pacific,  count  their  years  by  many  centuries. 

This  timeelement'is  one  of  the'  most  important  factors  to  be  kept  in  view  in  dis- 
cussing this  problem.  As  we  are  told  to  prepare  for  war  in  times  of  peace,  so  we 
should  prej)are  for  famine  in  times  of  plenty. 

So  far  as  I  can  figure,  considering  the  present  condition  of  our  forest  resources  and 
our  present  rate  and  methods  of  using  them,  they  will  be  exhausted  long  before 
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another  ceiitury  or  perhaps  half  century  has  passed.  If  methods  are  not  chan<;ed 
the  reduction  in  desirable  wood  material  will  in  fact  be  felt  considerably  before  the 
next  fifty  years,  i.  e.,  before  a  new  crop  could  mature. 

It  would,  of  course,  be  childish  to  think  that  we  shall  stop  or  even  materially 
reduce  wood  consumption  until  the  necessity  is  at  our  very  door.  It  is  the  experi- 
ence of  the  world  that  in  spite  of  substitutes  and  thereby  changes  in  the  use  of 
wood  materials,  the  total  consumption  does  not  abate;  the  material  is  too  useful 
and  indispensable  to  civilization. 

Now,  it  seems  to  have  been  entirely  overlooked  in  the  United  States  that  the  tim- 
ber growing  on  an  acre  of  land  is.  as  much  a  crop,  or  may  be  treated  as  such,  as  a 
crop  of  wheat  or  corn;  that  timber  growing  may  be  carried  on  as  a  business,  requir- 
ing skill  and  knowledge,  as  well  as  timber  cutting ;  nay,  more,  that  in  our  natural 
forests  timber  cutting  and  timber  growing  can  be  carried  on  simultaneously;  that 
by  the  mere  judicious  use  of  the  ax  in  the  old  timber  a  new  crop  of  even  better 
quality  and  larger  quantity  per  acre  can  be  reproduced. 

Under  present  methods  the  lumberman  culls  out  the  useful  species  and  leaves  the 

f  round  to  the  inferior  kinds,  which  by  their  very  presence  prevent  the  natural  repro- 
uction  of  the  better  kinds,  so  that  while  we  have  still  larger  areas  of  woodland, 
their  commercial  value — as  a  resource  of  valuable  material — has  been  destroyed;  to 
(be  sure  there  are  trees  and  wood  growing  on  them,  but  not  to  useful  purpose.  The 
forester  uses  his  crop  even  more  closely  than  the  lumberman,  but  he  first  culls  out 
and  disposes  as  best  he  may  of  the  inferior  kinds,  the  weeds,  and  then  cuts  the 
ijetter  kinds  of  timber  in  such  a  manner,  and  with  such  knowledge  of  the  require- 
ments of  each  species,  that  they  will  reproduce  themselves  in  superior  quality.  It 
is  then  possible,  by  the  mere  manner  of  cutting  to  secure  the  reproduction  of  new 
crop  and  no  resort  to  planting  is  necessary.  In  order,  however,  to  do  this  success- 
fully, special  knowledge  and  skill  are  needed,  which  the  lumberman  does  not  possess, 
and  it  is  an  opportunity  of  acquiring  this  kind  of  technical  knowledge  that  the  pro- 
fjosed  legislation  is  to  secure.  To  be  sure,  economic  conditions  in  some  parts  of  our 
country  will  probably  not  as  yet  permit  the  applicatien  of  intensive  methods,  but 
in  other  parts  even  now  the  owners  of  woodlands  would  gladly  avail  themselves  of 
the  expert  advice  of  skilled  foresters  if  such  could  be  had. 

I  may  only  briefly  mention  other  interests  connected  with  a  rational  use  of  our 
forest  resources  which  merit  the  attention  of  statesmen  and  which  will  be  subserved 
by  the  proposed  legislation. 

Due  to  inconsiderate  clearing,  thousands  of  square  miles,  notably  in  the  Southern 
States,  have  been  eroded  to  such  an  extent  as  to  be  practically  useless  for  agriculture, 
and  their  reclamation  can  be  accomplished  only  by  restoring  their  original  forest 
growth.  It  is  estimated  that  in  the  State  of  Mississippi  alone  10  per  cent  of  the 
uplands  is  lost  annually  by  erosion.  In  connection  with  this  washing  of  the  soil,  due 
to  improper  removal  of  the  forest  cover,  we  experience  annually  increasing  floods, 
which  swell  the  amounts  to  be  appropriated  for  river  and  harbor  bills. 

While  such  floods  occur  largely  on  account  of  uncontrollable  climatic  and  topo- 
graphic conditions,  they  are  undoubtedly  intensified  and  made  more  fre(]uent  by  the 
destruction  of  the  forest  floor,  which,  with  the  accumulation  of  litter  and  under- 
growth, impedes  the  rapid  running  ofl'  of  flood  waters.  With  the  forest  removed  or 
the  forest  iloor  destroyed  by  fire  the  waters  run  ofl"  rapidly  and  carry  the  soil  and 
d6bris  into  the  rivers,  narrowing  their  channels  and  increasing  the  flood  dangers. 

Finally,  our  immense  agricultural  region  in  the  West  sufiers  from  a  lack  of  forest 
growth.  Not  only  is  the  maintenance  of  the  forest  cover  on  our  Western  mountain 
ranges  as  a  means  of  water  storage  for  irrigation  purposes  essential,  but  in  the 
plains  and  prairies  the  planting  of  shelter  belts  as  an  amelioration  of  the  climate  in 
breaking  the  force  of  drought-bringing  winds  has  hmg  been  recognized.  The  Gov- 
ernment very  generously  encouraged  such  forest  planting,  but,  owing  to  lack  of 
technical  skill  and  knowledge,  the  attempts  which  have  been  made  have  largely 
resulted  in  failures. 

Everywhere,  then,  we  see  that  knowledge  is  wanting,  and  it  is  to  supply  this  want 
that  the  Government  is  now  called  upon  to  exercise  its  educational  function. 

The  agricultural  colleges  being  ostensibly  created  in  the  interest  of  agriculture, 
it  is  natural  that  they  should  also  be  required  to  devote  some  attention  to  the 
development  of  forestry,  which,  as  I  have  stated,  is  the  twin  sister  of  agriculture, 
both  being  engaged  in  deriving  valuable  crops  from  the  soil.  Many  of  the  funda- 
mental sciences  which  un<lerlie  agriculture  nmat  be  studied  by  the  forester  and  we 
find  these  colleges  partly,  at  least,  y)rei)ared  to  furnish  this  fundamental  instruction, 
which  needs  only  to  be  extended  and  made  applicable  to  forestry.  In  fact,  several 
of  the  colleges  liave  already  anti(;ipatcd  in  a  degree  the  need  of  instruction  in  for- 
estry. According  to  a  canvass  which  1  have  lately  made  seventeen  of  the  agricul- 
tural colleges  have  introduced  forestry  courses;  of  these,  ten  make  the  course 
comjuilsory  and  six  elective;  two  of  them  furnish  courses  through  two  semesters. 
In  addition  to  these,  eight  furnish  occasional  lectures  on  the  subject. 


The  character  of  this  iustruction  is  at  present,  to  be  sure,  very  nidiinentary  and 
primitive  and  with  very  few  exceptions  hardly  systematic  or  sulHciently  tech- 
nical; a  mere  byplay,  as  it  were,  an  intimation  rather  that  something  m  thi« 
direction  is  needed.  This  is  due  to  the  fact  tliat  the  instruction  is  left  to  the 
professors  of  horticulture  or  botany,  who  are  incapable  for  two  reasons  to  do  .jus- 
tice to  the  subject.  In  the  first  place,  these  professors  are  fully  occupied  with  their 
own  proper  subjects  of  teachinjjf  and  in  addition  mostly  with  the  enjijrossin^  require- 
ments of  experimental  work,  so  that  they  can  not  ^ive  much  time  or  thought  to 
forestry;  secondly,  they  are  not  educationally  prei)aEed  to  teach  the  subject,  for 
while  the  horticulturist  or  botanist  is  acquainted  with  at  least  one  of  tlie  basal 
sciences  of  forestry,  namely,  plant  physiology,  he  treats  of  trees  from  one  point  of 
view,  while  forestry  treats  of  trees  from  an  entirely  different  point  of  view.  The 
horticulturist  has  to  do  with  the  single  tree,  be  it  for  its  fruit  or  its  landscape  effect 
and  the  methods  he  pursues  are  adapted  to  this  purpose;  the  forester  has  to  deal 
with  masses,  and  his  methods  are  absolutely  different  from  the  horticulturist. 
Besides,  there  are  many  technical  details  necessary  to  the  ])roper  management, 
harvesting,  etc.,  of  a  forest  crop,  which  are  entirely  foreign  to  the  horticulturist. 
The  gentlemen,  themselves,  who  are  carrying  on  these  courses  realize  better  than, 
anybody  else  this  ditierence  and  have  in  correspondence  frequently  admitted  the 
necessity  of  establishing  special  chairs  of  forestry  if  we  desire  a  useful  technical 
education  which  is  to  fit  a  man  to  manage  a  forest  property  intelligently.  At  tirst, 
of  course,  it  will  be  difficult  to  find  competent  teachers.  But  just  as  with  our 
experimental  stations,  as  the  need  came,  theexperimenters  were  gradually  developed; 
and  so  we  will  gradually  develop  professors  of  forestry  as  soon  as  a  beginning  is 
made. 

The  proposed  appropriation  of  $5,000  to  each  college  being  for  forestry  purposes, 
i.  e.,  for  instruction  and  for  providing  the  necessary  object  lessons  in  the  tield,  the 
application  of  the  fund  may  be  at  tirst  more  in  the  one  or  the  other  direction  as 
opportunity  exists,  latitude  being  given  to  apply  the  same  either  to  more  cursory  or  to 
fuller  courses  of  instruction,  or  else  to  experimental  forest  planting  or  acquisition 
and  management  of  experimental  forest  areas,  with  a  view  of  making  the  courses 
more  useful  in  the  future.  Each  college,  of  course,  will  find  its  needs  and  oppor- 
tunities somewhat  different,  and  hence  this  latitude  is  desirable.  The  fact  that 
floral,  climatic,  and  forestry  conditions  diifer  so  much  through  the  Union  makes  it 
preferable  to  have  each  State  take  up  the  subject  separately  rather  than  to  con- 
centrate the  course  into  one  school. 

In  order,  however,  to  promote  the  education  of  forestry  teachers,  it  is  proposed  to 
establish  in  connection  with  the  Division  of  Forestry,  in  the  Department  of  Agri- 
culture, a  post  graduate  school  of  forestry,  the  object  of  which  is  to  give  to  students 
of  forestry  coming  from  the  agricultural  colleges  or  elsewhere  an  opportunity  to 
amplify  their  knowledge,  broaden  their  ideas,  and  give  them  a  wider  insight  into  the 
conditions,  requirements,  and  relations  of  the  whole  country  in  regard  to  forestry, 
and  also  to  prepare  them  for  a  profitable  brief  course  of  study  on  the  Continent, 
where  forestry  methods  have  been  applied  for  a  long  time  and  where  object  lessons 
alone  can  be  had. 

This  National  School  of  Forestry  Is  not  conceived  to  be  a  separate  institution  of 
the  nature  of  a  college  with  set  school  methods,  but  rather  an  opportunity  to  pursue 
special  studies,  the  officers  of  the  Division  of  Forestry  and  officers  of  other  divisions 
of  the  Department  related  to  forestry  science  (Soil  Physics,  Botany,  Vegetable 
Pathology,  etc.)  giving  direction  to  such  studies  and  delivering  united  courses  of 
lectures  of  an  advanced  character. 

Forestry  means  the  management  of  a  forest  for  profit.  The  man  who  undertakes 
this  must  be  a  manager;  he  must  not  only  know  theories  and  principles,  but  must 
be  capable  of  their  application.  Such  application  can  not  bo  found  as  yet  in  the 
United  States,  and  since  the  results  of  forestry  methods  are  visible  only  after  many 
years,  a  considerable  time  must  elapse  before  such  object  lessons  can  be  established. 
The  proposition,  therefore,  is  made  to  create  traveling  scholarships  for  the  best  two 
students  from  the  National  School  of  Forestry  after  a  test  by  examination,  which 
scholarships  shall  entitle  them  to  a  year's  sojourn  travel  in  Europe  for  the  purpose  of 
familiarizing  themselves  with  the  methods  of  forest  management  in  vogue,  the 
application  in  practice  of  principles  with  which  they  have  become  acquainted  in 
theory.  In  this  way  it  will  be  possible  in  a  few  years  to  create  a  sufficient  number 
of  competent  teachers  as  well  as  managers.  There  is  now,  besides  the  general  urgent 
need  for  forestry  education  on  account  of  the  important  bearing  on  tlie  welfare  of 
the  country,  an  additional  reason  why  the  General  Government  should  provide  for 
such  educational  facilities. 

Within  the  last  three  years  the  General  Government  has  adopted  a  new  policy  with 
reference  to  its  timber  lands  by  setting  aside  forest  reservations.  That  policy  bids 
fair  to  be  extended  until  all  the  public  timber  lands  are  so  reserved.  Such  reserva- 
tions, as  a  matter  of  course,  predicates  that  these  lauds  are  to  be  managed  upon 


rational  forestry  princples,  and  skilled  foresters  will  therefore  be  needed  to  carry 
on  such  management. 

Since  the  proposition  has  been  made  that  the  Army  should  be  employed  to  protect 
the  forest  reservations  against  fire  and  theft,  at  least  temporarily,  until  an  effective 
civil  administration  can  be  instituted,  it  appeared  desirable  that,  should  this  policy 
prevail,  the  oiiicers  in  command  of  such  patrolling  service  should  have  some  knowl- 
edge as  to  what  is  involved  in  it,  and  a  short  course  of  lectures  at  West  Point  for 
this  purpose  is  provided  in  the  proposed  legislation.  In  this  system  of  forestry  edu- 
cation there  is,  however,  one  need  not  provided  for,  one  of  the  greatest  needs  at  the 
present  time,  namely,  an  opportunity  for  the  men  wlio  work  in  the  woods — the  ones 
who  cut  the  forest  and  who,  by  their  manner  of  doing  it,  can  either  benefit  or  destroy 
the  young  crop,  the  foremen  of  the  loggers'  crews — to  become  acquainted  with  the. 
elementary  principles  of  forestry.  A  short  course  of  instruction  at  such  times  of  the 
year  wheuthey  are  at  leisure  will  be  most  helpful  in  bringing  about  improvement  of 
methods  in  the  woods.  When  competent  teachers,  familiar  with  theory  and  practice 
have  grown  out  of  the  system  of  education  proposed  by  the  present  legislation, 
such  instruction  also  should  be  furnished  at  the  agricultural  colleges  or  in  special 
summer  schools. 

Once  more  I  desire  to  impress  upon  the  committee  that  the  time  element  in  the 
problems  of  forestry  reform  is  a  most  imporraut  one,  and  that  the  time  is  ripe  to 
prepare  in  this  manner — by  increasing  knowledge  on  the  subject,  by  technical  edu- 
cation of  forest  managers — for  the  emergencies  of  the  future.  As  surely  as  in  other 
countries,  so  in  ours,  the  necessity  for  the  systematic  reproduction  and  management 
of  wood  crops  is  bound  to  come ;  to  prepare  for  that  emergency  the  two  bills  have 
been  drafted,  and  I  hope  the  committee  will  be  able  to  report  favorably  on  them. 

Mr.  Hainer.  I  will  ask  Mr.  Fernow  if  it  is  not  a  fact  that  these  propositions  have 
the  indorsement  of  the  American  Forestry  Association. 

Mr.  Ferxow.  The  matter  was  discussed  at  the  annual  meeting  of  that  association 
and  was  naturally  fjivorably  considered.  Besides,  the  presidents  of  the  various  col- 
leges and  the  professors  now  in  charge  of  such  forestry  courses  as  they  exist  have 
expressed  themselves  almost  unanimously  and  with  enthusiasm  with  regard  to  the 
provisions  of  the  two  bills. 

Thereupon  the  committee  adjourned. 
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THE  SECRETARY  OF  AGRICULTURE, 

TRANSMITTING, 

IN  RESPONSE  TO  SENATE  RESOLUTION  OP  APRIL  14,  1897,  A 
STATEMENT  PREPARED  BY  THE  CHIEF  OF  THE  DIVISION  OF 
FORESTRY  REGARDING  WHITE  PINE  TIMBER  SUPPLIES. 


April  19,  1897. — Referred  to  the  Committee  on  Finance  and  ordered  to  be  printed. 


Department  of  Agriculture, 

Office  of  the  Secretary, 

Washington,  J).  C,  April  15,  1897, 
Sir:  Pursuant  to  the  resolution  of  your  honorable  body,  dated  April 
14,  1897,  asking  for  information  regarding  white-pine  timber  supplies, 
I  have  the  honor  to  transmit  a. statement  prepared  under  my  direction 
by  the  chief  of  the  division  of  forestry,  which  will  conform  at  least  with 
the  spirit  of  the  resolution. 

I  regret  that  the  information  at  hand  does  not  permit  of  a  more 
concise  statement  of  this  important  question,  but  believe  tbat  the 
statement  contains  the  closest  possible  approximation  to  actual  facts 
and  furnishes  a  striking  argument  for  the  need  of  rational  forest 
management. 

Respectfully,  James  Wilson, 

iSecretary, 
The  President  of  the  Senate. 


REPORT  ON  THE  PROBABLE  AMOUNTS  OF  WHITE  PINE  AND  OTHER 
CONIFEROUS  TIMBER  STANDING  AND  ITS  CONSUMPTION  IN  THE 
UNITED  STATES. 

U.  S.  Department  of  Agriculture, 

Division  of  Forestry, 
Washington,  D.  C,  April  15,  1807. 
There  are  no  statistics  of  timber  standing  in  the  United  States  avail- 
able which  can  claim  to  be  accurate  in  any  mathematical  sense,  nor 
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would  it  be  possible  to  ascertain  such,  if  for  no  other  reason  than  that 
the  methods  of  utilization,  which  are  largely  dependent  on  changes  of 
local  and  market  conditions,  change  the  amounts  of  material  considered 
merchantable,  harvested,  or  sawed  from  a  given  forest  growth,  the 
conception  of  what  constitutes  merchantable  timber  varying. 

In  the  following  statement,  therefore,  only  a  general  survey  of  the 
reported  facts  has  been  attempted  for  the  purpose  of  making  clear 
the  situation  regarding  the  supply  and  consumption  of  coniferous  wood 
in  the  United  States.  In  this  the  more  or  less  partial  estimates  of  dis- 
interested parties,  combined  with  a  professional  knowledge  of  possi- 
bilities or  probabilities,  have  been  utilized  for  an  approximation  to  the 
truth — a  statement  of  probabilities  rather  than  actualities. 

Ever  since  the  publication  of  the  statistics  of  the  Tenth  Census 
regarding  the  white  pine  timber  standing — nearly  fifteen  years — there 
has  been  a  contention  as  to  their  correctness.  Time  has  proven  their 
extreme  inaccuracy,  for,  while  then  only  eight  years'  supply  was  sup- 
posed to  be  standing,  when  the  annual  cut  was  10  billion  feet,  we  have, 
with  an  increased  cut,  lumbered  white  pine  for  sixteen  years  and  still 
there  is  a  considerable  quantity  left. 

Yet,  at  last,  the  end  is  visible,  and  even  the  most  sanguine  can  not 
longer  hide  the  truth  that  within  the  next  decade  we  shall  witness  the 
practical  exhaustion  of  this  greatest  staple  of  our  lumber  market. 

As  stated  before,  even  now  there  are  really  no  statistics  upon  which 
to  base  a  correct  prognostication  as  to  the  date  of  this  exhaustion. 
Estimates  only  are  available,  and  estimates  of  standing  timber  are  pro- 
verbially unreliable,  mostly  underestimates,  and  always  to  be  takeU 
with  caution.  Furthermore,  if  an  estimate  of  the  duration  of  supplies 
of  a  special  kind  is  to  be  made,  it  is  necessary  not  only  to  know  the 
supplies  and  the  present  cut  but  also  to  foresee  the  changes  in  the  cut, 
the  replacement  in  the  market  by  other  kinds,  and  the  economies  that 
may  be  practiced  in  the  methods  of  logging,  as,  for  instance,  by  the 
reduction  in  the  size  acceptable  for  saw  logs,  by  cutting  smaller  trees, 
by  the  use  of  band  saws,  and  by  closer  utilization  generally,  whereby 
the  duration  of  supplies  can  be  lengthened. 

Thus,  while  the  estimates  of  the  Tenth  Census  were  based  on  a  mini- 
mum log  of,  say,  10  or  even  12  inches  diameter,  in  the  present  practice 
8-inch  and  even  5-inch  logs  are  used;  while  in  1880  hemlock  went  beg- 
ging and  whitewood  had  not  yet  been  found  to  answer  as  a  good  substi- 
tute for  white  pine,  and  Southern  pine  had  not  yet  begun  to  compete, 
the  interchangeableness  of  all  these  species  in  the  market  now  renders 
the  forecast  still  more  complicated. 

Nevertheless,  it  has  become  apparent  that  while  white  pine  will  be 
cut  in  the  United  States  for  many  decades,  as  owners  of  the  stumpage 
control  their  holdings,  the  enormous  amounts  which  have  hitherto  been 
cut  annually  can  not  be  had  beyond  the  next  five  or  six  years,  even 
with  Canada  to  help  in  eking  out  our  deficiencies. 

CONSUMPTION. 

From  the  statistics  of  the  cut  since  1873,  compiled  by  the  iN'orth- 
western  Lumberman  (see  Appendix  1),  it  appears  that  since  that  j^ear 
the  stupendous  amount  of  154  billion  feet,  B.  M.,  and  83  billion  shingles, 
or  altogether  in  round  numbers  165  billion  feet  of  white  pine  has  been 
cut  in  the  States  of  Michigan,  Wisconsin,  and  Minnesota;  and  this  total 
may  be  readily  increased,  by  allowing  for  cuts  in  other  parts  of  the  coun- 
try, to  over  200  billion  feet,  B.  M.,  which  this  single  species  has  yielded 
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to  build  up  our  civilizatiou  in  the  last  eighteen  years,  an  amount  to  pro- 
duce which  continuously  at  least  20,000,000  acres  of  well-stocked  and 
well  kept  pine  forest  would  be  required. 

Divided  for  convenience  and  comparison  into  six-year  periods,  the  cut 
ill  the  Northwest  appears  to  have  been  as  follows,  according  to  the 
source  cited : 


White  pine  sawed  by  milh  of  Michigany  Wisconsin,  and  Minnesota. 

[In  billion  feet,  B.  M.,  round  nuiubers.] 


1873-1878. 

1879-1884. 

1885-1890. 

1891-1896. 

T.iinih/>r                                                          .    -    ..-.....-.-......<. 

23 
2 

40 
3 

48 
3 

44 

Shiugles  (1  000  —  100  feet,  B.  M.) 

2 

25 

43 

61 

4« 

A  total  of  165  billion  feet,  B.  M. 

From  1873,  when  the  cut  was  about  4  billion  feet,  the  draft  on  this 
resource  was  constantly  increased  until  1892,  when  it  reached  its  maxi- 
mum, nearly  9  billion  feet,  B.  M.,  and  4^  billion  shingles.  Then  a  gradual 
decline  began  to  7f  billion  feet  in  1893,  6J  billion  feet  in  1894,  rising  once 
more  to  over  7  billion  in  1895,  and  reaching  the  lowest  output  in  1896, 
with  5J  billion  feet;  shingle  production  declining  similarly  to  IJ  billion, 
which,  translated  into  board  measure,  raises  the  requirements  for  that 
year  to  little  less  than  7J  billion  feet.  This  decline  does  not  necessa- 
rily indicate  any  giving  out  of  the  supply,  but  might  have  beeii  due, 
and  probably  was  due,  to  business  depression  generally  and  to  the 
competition  of  other  kinds  of  lumber  and  shingles. 

The  total  output  of  white  pine  in  1890,  before  the  maximum  was 
reached  and  when  the  cut  of  the  Northwest  was  recorded  for  lumber 
and  sliingles  as  a  little  over  9  billion  feet,  was  placed  by  the  competent 
agent  of  the  Eleventh  Census,  in  charge  of  the  statistics  of  lumber 
manufacture,  at  11.3  billion  feet  of  white  pine  and  Norway  pine,  or 
about  25  per  cent  as  coming  from  other  regions,  while  hemlock,  spruce, 
and  fir  were  estimated  as  furnishing  7.9  billion  feet,  so  that  our  require- 
ments of  these  classes  of  timber  may  for  ordinary  years  be  placed  in 
round  numbers  at  20  billion  feet. 

In  discussing  the  question  of  duration  of  supplies  it  can,  as  stated 
before,  be  reasonably  done  only  by  considering  at  the  same  time  all 
supplies  of  a  similar  nature,  namely  of  the  white  pine,  Norway  pine, 
spruce,  and  hemlock  at  least,  which  can  be  and  are  used  more  or  less 
interchangeably,  and  will  be  still  more  so  in  the  future,  to  meet  our 
immense  requirements  for  this  class  of  material.  That  these  require- 
ments are  not  to  remain  stationary,  but  have  a  tendency  to  increase, 
may  be  seen  from  the  development  of  the  wood-pulp  industry. 

While  in  1881  the  daily  capacity  of  wood-pulp  mills  was  less  than 
750,000  pounds,  it  had  more  than  doubled  in  1887,  and  then  increased 
steadily,  doubling  almost  every  three  or  four  years,  as  follows: 


Pounds. 

1887 1,687,900 

1888 :  2,153,500 

1889 3,474,100 

1890 4,012,200 

1891 4,497,200 


Pounds. 

1892 5,136,300 

1893 6.495,400 

1894 7,231,900 

1895 9,027,000 
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This  last  figure  may  be  conservatively  estimated  to  correspond  to  an 
annual  consumption  of  probably  800,000,000  feet,  B.  M.,  of  material. 

There  was  imported  from  1891  to  1896  wood  pulp  to  the  value  of 
$10,337,659,  as  follows: 

1891 $1,902,689 

1892 1,820,143 

1893 2,908,884 

1894 1,664,547 

1895 984,692 

1896 1,056,704 

Total 10,337,659 

SUPPLIES. 

While  the  above  figure  of  20  billion  feet,  B.  M.,  gives  a  fair  idea  as  to 
average  consumption,  which  may  vary  perhaps  by  10  per  cent  one  way 
or  the  other,  we  are  much  less  certain  as  to  supplies  standing. 

For  Minnesota  the  chief  fire  warden  of  the  State  has  attempted  a 
canvass  (see  Appendix  2),  the  result  of  which  would  indicate  nearly 
18  billion  feet  as  standing  in  the  State,  including  Norway  pine,  the 
estimate  having  been  made  for  1895.  This  has  been  criticised  by  com- 
petent judges  as  much  too  high;  nevertheless,  adding  the  estimates  of 
all  other  kinds  of  coniferous  wood,  some  of  which  as  yet  remains  unused, 
it  is  thought  that  a  statement  in  round  numbers  of  20  billion  feet  of 
coniferous  wood  in  Minnesota  fit  for  lumbering,  though  large,  would  be 
reasonably  enough  near  the  truth  for  our  purposes  in  forecasting  the 
probabilities. 

For  Wisconsin  official  data  are  entirely  lacking;  an  estimate  of  10 
billion  as  the  maximum  stand  of  white  pine  and  Norway  pine  has  been 
made  by  a  competent  lumberman.  (See  Appendix  3.)  As  there  is 
considerable  hemlock  and  other  coniferous  wood  in  the  State,  and  as  it 
is  preferable  to  overstate,  we  may  treble  this  amount  and  take  30  billion 
feet,  a  probable  overstatement  of  50  per  cent,  as  the  maximum  amount 
of  coniferous  timber  fit  for  lumbering  standing  in  the  State. 

For  Michigan  a  canvass  from  township  to  township  has  been  made 
by  the  commissioner  of  labor  of  the  State  for  1896  (see  Appendix  4), 
which  develops  an  area  of  2J  million  acres  in  pine  and  hemlock. 

If  the  average  stand  per  acre,  which  the  census  of  1890  showed  as 
6,000  feet  for  white  pine,  is  applied  to  the  whole  area,  the  amount  of 
timber  standing  would  be  15  billion  feet,  \vhich,  for  safety,  we  may 
increase  by  20  per  cent,  or  say  18  billion  feet,  of  which  6  billion  would 
be  white  pine.  This,  too,  is  supposed  to  overstate  the  conditions  by  50 
per  cent. 

For  Pennsylvania  the  partial  returns  of  the  commissioner  of  forestry 
would  make  an  estimate  of  10  billion  feet  pine  and  hemlock  appear 
highly  extravagant.  In  a  private  communication  he  estimates  the 
standing  timber  of  white  pine  at  500  million,  of  spruce  at  70  million, 
and  of  hemlock  at  5,000  million  feet,  B.  M. 

For  New  York,  without  much  basis,  5  billion  may  be  allowed  as  an 
extravagant  figure,  with  a  cut  of  not  less  than  500  miHion  feet;  another 
3  billion  for  New  Hampshire;  and,  with  a  closer  estimate,  based  on 
figures  given  by  the  forest  commissioner  of  Maine,  that  State  may  be 
given  at  best  not  to  exceed  10  billion  feet  of  spruce,  pine,  and  hemlock. 

It  is  well  known  that  in  the  '*  Pine  Tree"  State  the  white  pine  is  long 
since  reduced  to  a  small  proportion  of  the  coniferous  wood  standing. 
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The  spruce  country  is  confined  to  the  elevated  northern  half  of  the 
State,  north  of  a  line  from  the  White  Mountains  to  Mars  Hill,  with  a 
spruce-bearing  area  of  probably  less  than  6,000  square  miles.  The 
stand  on  the  two  main  spruce-producing  drainage  basins,  the  Kennebec 
and  Androscoggin,  has  been  estimated  at  round  5,000  million  feet,  B.  M., 
with  a  present  cut  of  round  350  million  feet.  Partial  statistics  of  the 
cut  are  given  in  Appendix  5,  which  would  indicate  a  total  cut  of  conif- 
erous woods  in  Maine  of  not  far  from  500  million  feet  in  1895  and 
preceding  years. 

In  all  these  estimates  of  standing  timber  the  writer  has  leaned 
toward  extravagance  rather  than  understatement,  and  thus  the  total  is 
found  to  add  up  100  billion  feet  of  coniferous  growth  in  the  Northern 
States,  of  which  less  than  half  is  pine,  to  satisfy  a  cut  of  at  least  18  to 
20  billion  feet  per  annum. 

The  writer  does  not  say  that  in  less  than  six  years  every  stick  of 
pine,  spruce,  and  hemlock  will  be  cut,  for  such  figures  as  these  do  not 
admit  of  mathematical  deductions,  but  the  gravity  of  the  question  of 
supply  is  certainly  apparent.  Even  doubling  the  estimates,  it  is  found 
that,  with  the  present  rate  and  method  of  cutting,  ten  years  must  have 
exhausted  our  virgin  timber  of  these  classes.  We  should  add  that  much 
more  intimate  knowledge  exists  now  regarding  these  sui^plies  than  was 
l)ossible  in  1880,  when  much  of  the  country  was  still  unopened  and 
unknown. 

OTHER   SUPPLIES. 

The  Southern  pines,  to  be  sure,  will  enter  more  largely  into  competi- 
tion, as  also  the  cypress  and  other  coniferous  woods  of  the  South. 

The  entire  region  within  which  pines  occur  in  the  South  in  merchant- 
able condition  comprises  about  230,000  square  miles,  or,  iu  round  num- 
bers, 147,000,000  acres;  for  land  in  farms,  10  million  acres  must  be 
deducted,  and  allowing  as  much  as  two-thirds  of  the  remainder  as  rep- 
resenting pine  lands  (the  other  to  hard  woods),  we  would  have  about  90 
million  acres  on  which  pine  may  occur.  An  average  growtli  of  3,000 
feet  per  acre — an  extravagant  figure  when  referred  to  such  an  area — 
would  make  the  possible  stand  270  billion  feet,  provided  it  was  in  virgin 
condition  and  not  largely  cut  out  or  culled.  Altogether,  the  writer  has 
reached  the  conclusion  that,  adding  all  other  coniferous  wood  in  the 
S:»uth,  an  estimate  of  300  billion  feet  would  be  extravagant,  which, 
added  to  the  Northern  supply  of  coniferous  wood,  gives  a  total  supply 
of  400  billion  feet  to  draw  from  in  the  Eastern  United  States;  and  as 
the  entire  cut  of  these  classes  of  wood  appears  now  to  be  not  less  than 
25  billion  feet  a  year,  and  probably  is  nearer  30  billion,  it  may  be  stated 
with  some  degree  of  certainty  that  not  fifteen  to  twenty  years'  supply 
of  coniferous  timber  can  be  on  hand  in  the  Eastern  States. 

In  1886  the  writer  ventured  a  statement  that  there  was  600  billion 
feet  of  coniferous  growth  in  the  Eastern  States ;  the  cut  was  then  esti- 
mated at  12  billion  feet.  If  an  average  cut  of  20  billion  for  the  last 
ten  years  be  allowed,  which  is  reasonable,  the  present  estimate  of  400 
billion  standing  would  lend  color  to  the  approximate  correctness  of 
these  figures. 

If  the  inquiry  is  extended  to  the  coniferous  growth  of  the  Pacific 
Coast,  which  in  spite  of  the  distance  must  finally  come  to  our  aid,  only 
partial  comfort  will  be  found.  The  writer's  estimate  of  1,000  billion 
feet  standing  has  been  by  competent  judges  declared  extravagant. 
The  annual  cut  on  the  Pacific  Coast  approaches  certainly  4  billion  feet, 
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hence,  adding  these  figures  to  those  obtained  for  the  East,  with  1,400 
billion  feet  standing  at  best,  and  a  cut  of  at  least  30  billion  feet  per 
annum,  there  \\  ould  appear  to  be,  under  most  favorable  contingencies, 
not  more  than  forty  to  fifty  years  of  this  most  necessary  part  of  our 
wood  supply  in  sight  if  the  same  lavishness  in  the  use  of  it  is  continued. 
To  be  sure,  there  is  some  new  growth  and  reproduction  going  on.  The 
probability  as  to  the  former  is  that  decay  and  destruction  by  fire  offsets 
the  accretion  on  the  old  timber  of  coniferous  growth,  and  no  one  familiar 
with  our  forest  conditions  and  present  methods  will  indulge  in  a  hope 
that  the  reproduction  and  young  growth  can  materially  change  the 
results.  Long  before  any  new  reproduction  can  have  attained  log  size 
we  will  have  got  rid  of  the  virgin  supplies. 

ECONOMY, 

There  is,  then,  only  the  possible  alternative  of  supplying  ourselves 
from  other  countries,  or  of  curtailing  our  cut.  In  this  latter  regard 
the  jiossibility  is  large.  Not  only  can  a  much  closer  utilization  of  the 
standing  timber  be  practiced,  but  a  more  economical  use  of  the  same  is 
reasonably  to  be  expected. 

As  will  appear  from  the  figures  given,  this  country  consumes  of  conif- 
erous wood  somewhat  over  400  feet,  B.  M.,  per  capita,  while  England, 
which  probably  has  the  lowest  per  capita  consumption  of  wood  among 
civilized  nations,  being  almost  entirely  dependent  upon  importation,  is 
able  to  get  along  with  one- third  that  amount,  and  Germany's  consump- 
tion remains  below  150  feet,  B.  M.,  per  capita  of  all  kinds  of  sizeable 
wood.  The  margin  within  which,  therefore,  we  can  curtail  our  require- 
ment is  large  enough  to  lengthen  out  our  supplies  considerably. 

CANADIAN  SUPPLIES. 

As  to  importations,  there  is  practically  only  one  country  from  which 
such  timber  can  be  obtained — Canada. 

The  statistician  of  the  department  of  agriculture  of  the  Dominion  of 
Canada  in  1895  estimated  the  white  pine  standing  at  37.3  billion  feet, 
with  an  annual  cut  of  nearly  li  billion  feet,  including  spars,  masts, 
shingles,  etc.,  which,  as  will  readily  be  seen,  can  not  materially  change 
the  position  stated  before,  namely,  that  the  next  decade  must  witness 
the  practical  exhaustion  of  this  greatest  lumber  staple.  Even  allowing 
10  billion  feet  of  merchantable  spruce,  which  may  be  found  in  New 
Brunswick  and  Nova  Scotia,  such  allowance  can  not  appreciably  retard 
this  exhaustion,  since  the  total  annual  cut  of  Canadian  coniferous 
wood  exceeds  5  billion  feet.  Fifty  per  cent  may  be  readily  added  to 
the  estimates  of  standing  timber  in  eastern  Canada,  thus  assuming  75 
billion  feet  as  on  hand,  and  still  Canada's  cut  alone  will  exhaust  her 
resources  in  fifteen  years,  and  this  country  will  assist  her  to  get  rid  of 
it  in  less  time. 

So  far  the  importations  from  Canada,  although  rapidly  increasing, 
have  been  insignificant  when  compared  with  our  home  consumption. 
The  importations  of  all  kinds  of  forest  products  and  wood  manufac- 
tures have  been  hardly  over  1  per  cent  ot*  our  own  production,  and,  if 
we  confine  the  inquiry  to  coniferous  material  only,  the  proportion  of 
the  importation  of  this  class  of  materials  rises  to  hardly  5  per  cent 
of  our  home  production  of  the  same  kinds. 
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The  two  tables  following,  taken  from  the  statements  of  the  CJnited 
States  Bureau  of  Statistics,  show  the  trade  relations  of  the  two  coun- 
tries as  regards  these  classes  of  imports  from  one  country  to  the  other. 

Value  of  imports  of  wood  and  wood  manufactures  from  Canada  to  the  United  States. 
[United  States  Bureau  of  Statistics.] 


From— 

1892. 

1893. 

1894. 

1895. 

1896. 

Nova  Scotia  and  New  Brunswick : 

Free 

$413, 536 
742, 875 

1, 640,  804 
9,  012,  215 

$340,680 

888,789 

2,  642, 094 
9, 974,  274 

$334,267 
658,  806 

3,  415,  403 
7,735,856 

$1,972,885 
179, 489 

9,  240,  665 
950,  778 
108, 179 

$2,762,630 
85,056 

11, 700.  851 
19,969 

Dutiable 

Quebec  and  Ontario: 

Free 

Dutiable 

British  Columbia 

133  148 

Total 

11,809,430 

13,845,837 

12, 144,  332 

12, 451,  996 

14, 701, 694 

Value  of  imports  of  wood  and  wood  manufactures  from  the  United  States  to  Canada. 
[United  States  Bureau  of  Statistics.] 


To- 

1892. 

1893. 

1894. 

1895. 

1896. 

Nova  Scotia  and  New  Brunswick 

$115,110 

1,  746,  867 

100,  743 

$92.  208 

1,  990,  831 

100,  012 

$208. 737 

2,  740,  868 

111,914 

$190, 196 

2,  416,  728 

146.  423 

$210, 977 

2,723,459 

152  079 

British  Columbia 

Total 

1,  962,  720 

2, 183,  051 

a,  061,  519 

2, 753,  347 

3,092,515 

Exports  of  coniferous  products  from  Canada  to  United  States, 
[In  millions  of  teet,  B.  M.,  rounded  oflF.] 


Coniferous  products. 

1877-1882. 

1883-1888. 

1889-1894. 

1892. 

1893. 

1894. 

1895. 

1896. 

Logs: 

Hemlock 

6  years. 
5.5 
9.0 
2.2 

6  yeara. 

9.5 

26.6 

4.6 

6  years. 

20.0 

86.9 

504.5 

5.0 
23.0 
74.0 

5.9 
21.0 
127.0 

5.2 

17.9 

277.9 

2.2 

25.0 
212.2 

4.8 

Spruce. ............... 

15  2 

Pine 

157.7 

Totallogs 

16.7 

40.7 

611.4 

102.0 

153.9 

30LO 

239.4 

177.7 

Lumber : 

Deals 

31.5 

43.5 

965.8 

1.4 

14.9 

3.9 

(a) 

108.7 

64.8 

1, 132.  9 

.8 

21.8 

1.6 

(a) 

204.5 

250.7 
3,  098. 1 
.7 
132.2 
105.5 
(o) 

53.0 

38.7 

651.4 

.2 

33.4 

51.0 
89.4 
759.1 

42.5 

42.8 

1,018.3 

44.2 
44.0 
549.5 

48.8 

Laths 

52.3 

Boards,  scantling,  etc. 
Masts, spar8,aiul  other 
Shingles 

720.5 

40.3 

36.5 

65.8 

45.7 

Timbers 

Pulp  wood  blocks 

30.0 

62.0 

61.5 

76.3 

100.0 

Total  manufactured 

1,061.0 

1,330.6 

3,85L7 

806.7 

1,001.8 

1,201.6 

779.8 

967.3 

Total  coniferous 
products 

1,077.7 

1, 371. 3 

4,463.1 

908.7 

1, 155.  7 

1,  502.  6 

1, 019. 2 

1.145.0 

a  Too  small  to  be  stated  in  millions  of  feet,  B.  M. 

To  arrive  at  an  idea  of  the  extent  to  which  we  have  so  far  drawn  on 
our  neighbors  for  coniferous  supplies,  an  attempt  has  been  made  in  the 
following  table  to  segregate  from  the  trade  and  navigation  reports  of 
the  Dominion  of  Canada  those  items  which  have  reference  to  this  dis- 
cussion, translating  into  board  measure  appro.ximately  the  returns  given 
in  other  measures.    These  figures  are  probably  somewhat  below  the 
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truth,  but  are  sufficiently  accurate  for  the  present  purpose,  and  are, 
moreover,  the  only  ones  available: 

Logs  imported  from  Canada, 


Pine  logs. 

Spruce  logs. 

Hemlock  logs. 

Quan- 
tity, M 
f4t. 

Value. 

Price 
perM 
feet. 

Quan- 
tity, M 
feet. 

Value. 

Price 
perM 
feet. 

Quan- 
tity, M 
feet. 

Value. 

Price 
perM 
feet. 

1884 

974 

380 

2,869 

6,350 

468 

10, 839 

32, 144 

36,699 

73,963 

127,  084 

277, 947 

212,231 

157,400 

$8,012 

2:300 

24,452 

49,242 

3,876 

94,287 

261, 626 

313, 281 

651,540 

1,  056,  355 

2,  359, 951 
1, 860, 319 
1,423,489 

$8.23 
6.05 
8.52 
7.75 
8.28 
8.70 
8.14 
8.54 
8.81 
8  32 
8.49 
8.77 
9.06 

6,820 
11,165 
17, 541 
17,  526 
20, 714 
20, 360 
26, 073 
28,  494 
23,  404 
21, 103 
17,  926 
25,  095 
15, 182 

$31, 793 
49.449 
81,874 
88,773 
99, 450 
137,  298 
156.  898 
158,  334 
141, 168 
123,  254 
107,  250 
90,  990 
86,075 

$4.66 
4.43 
4.67 
5.65 
4.80 
6.74 
6.02 
5.56 
6.02 
5.84 
6.00 
3.64 
6.67 

4,818 
3,629 
6,881 
4,206 
4,512 
6,420 
2,952 
2,210 
5,057 
5,880 
5,217 
2,217 
4,761 

$19,168 
14,752 
28,076 
17.447 
18,383 
24,261 
12,288 

9,802 
21, 426 
26,036 
19,  713 

9,017 
18,  607 

$3.98 

1885 

4.07 

1886 

4.08 

1887 

4.15 

1888 

4.07 

1889 

3.78 

1890 

4.17 

1891 

4.44 

1892 

4.24 

1893 

4.43 

1894 

3.77 

1895 

4.06 

1896 

3.90 

It  will  be  seen  that  each  six  years'  period  shows  an  increase,  and  that 
the  exports  of  the  last  three  years  were  only  25  per  cent  lower  than 
those  of  the  six  preceding  years.  The  largest  imports  were  recorded 
for  1894,  when  nearly  1 J  billion  feet  partly  manufactured  coniferous  wood 
and  300  million  feet  of  logs  of  conifers  were  imported.  This  latter 
importation  increased  steadily  up  to  that  time,  furnishing  raw  material 
mainly  to  our  Michigan  mills,  whose  home  supply  is  largely  gone. 

In  the  importation  of  logs  it  is  interesting  to  observe  that  they 
increased  in  quantity  without  reference  to  the  existence  or  absence  of 
the  export  duty  which  the  Canadian  Government  imposed  in  1886  and 
abolished  in  1891,  and  the  price  per  M  feet  also  seems  uninfluenced. 
The  necessity  for  these  supplies  to  our  mills,  especially  the  mills  of  the 
Saginaw  (Michigan)  district,  began  to  assert  itself  in  1886,  the  very 
year  the  export  duty  was  imposed  to  prevent,  if  possible,  these  exports 
of  raw  material,  and  has  grown  constantly,  the  decline  in  1895  and  1896 
simply  marking  the  general  business  depression. 

It  will  be  evident  from  these  statements  that  our  virgin  coniferous 
supplies  must  share  the  fate  which  the  buffalo  has  experienced,  unless 
a  practical  application  of  rational  forestry  methods  and  a  more  economic 
use  of  supplies  is  presently  inaugurated.  Since  coniferous  wood  repre- 
sents two-thirds  to  three-fourths  of  our  entire  lumber  wood  consumption, 
and  its  reproduction  requires  more  care  and  longer  time  than  that  of 
hard  woods,  the  urgency  of  changing  methods  in  its  use  and  treatment 
will  be  apparent. 
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Comparativi  statement  of  the  white  pine  lumber  product  of  the  Northwest  from  1873  to  1896, 

inclusive. 

[Compiled  by  Northwestern  Lumberman.] 


Locality. 


Dill  nth  district 

St.  Croix  River 

Chippewa  River 

Lumber  line  (C,  St.  P.,  M.  &.  O 
R.R.) 


Wisconsin  River 

Mississippi  River 

Miscellaneous  mills— Minne- 
sota   

Wisconsin  Valley  Division, 
Chicago,  Milwaukee  and 
St.PaalRwy 

Wisconsin  Central  R.  R 

Milwaukee,  Lake  Shore  and 
Western  Rwy 

Wolf  River 

Miscellaneous  mills — Wiscon- 


Total,  west  of  Chicago 
district 


Green  Bay  shore  district . 

Cheboygan 

Manistee 

Lndington 

White  Lake 


Muskegon , 

Grand  Haven  and  Spring  Lake 

Miscellaneous  mills- -Chicago 

and  Lake  Superior  district.. 

Total,  Chicago  district . . 

Chicago  and  West  Michigan 
Kwy 

Grand  Rapids  and  Indiana 
RR 

Detroit,  Lansing  and  Northern 
R.R 

Flint  and  Pere  Marquette  R.  R. 

Mackinaw  Division,  Michigan 
Central  R.R 

Miscellaneous  mills— Michi- 
gan   


Total,  railroad  and  in- 
terior mills 


The  Saginaw  Valley. 
Lake  Huron  shore... 


Total,  Saginaw  district. 

Lake  Erie  points 

Grand  total 


1896. 


384,  392, 755 
166,  785,  000 
206,  548,  688 

148, 466, 773 


1, 092, 746, 462 
114,  546, 339 


181,418,261 
182,  990,  831 

206,115,454 
47.  000,  000 

340, 435, 350 


,  051,  445.  913 


639,  673, 224 
75,  500,  000 

211,801,069 
55,  306,  034 
12,112,000 
48,  249, 379 


470,  589,  855 


1,  513,  231, 561 


8,  489,  000 

95,  843, 820 

14,  500,  000 
29, 470,  249 

85,  270,  000 

154, 352, 000 


387, 925,  069 


316,797,879 
196,  787, 419 


513,  585,  298 


71,  925, 107 


5, 538, 112, 948 


473, 914,  956 
207,  600,  000 
278,131,000 

212, 807, 651 


1, 544,  525,  530 
74, 180, 000 


249, 366, 160 
291.  395,  544 

291,035,185 
66,  745,  GOO 

412,261,337 


4, 101,  962,  363 


749,253,^96 

102,  362,  000 

250, 116, 874 

68,  212.  745 

16,  575,  000 

40, 007,  946 

300,  000 

588,  911, 194 


1,  816, 639,  555 


33, 746, 479 

140, 168,  203 

14,  975,  000 
18, 444, 950 

85,  609, 119 

196, 145,  987 


489,  089,  738 


388,  266,  202 
229,  545,  308 


617,  811,  510 


67,  895,  432 


1894. 


367,  695,  913 
173.140.000 
265,530,011 

178, 942, 410 


1,413,417,811 
85,  650,  000 


329, 102, 105 
262,  017, 145 

292, 063, 135 
66,  495, 350 

331, 554, 357 


3,  765,  598,  237 


696,  830, 466 
87,  800,  000 

261,  536,  338 
93,  765,  581 
14,  066,  000 

127,510,272 
500, 000 


398,  919,  727 
162, 214,  909 
292,766,997 

237, 359, 742 


1,543,012,126 
37,701.870 


362,623,994 
340,  634, 126 

321,597,810 
67, 983, 173 


1892. 


441,  400,  000 
198.  860.  000 
316,  897,  012 

266,  875,  643 


1,  761, 829,  090 
37, 700.  000 


464,  990.  621 
403,  478. 121 

409,  700.  984 
68, 817,  350 


320,782,202    318,291,365 


4, 085, 596,  676  4,  688.  840,  186 


871,480,222 

105, 115,  684 

239,  648,  406 

92,  345,  685 

18,  000,  000 

131,  286,  000 

1, 000, 000 


972, 828, 418 
114, 000. 000 
297.319.746 
120,  557.  296 
28.  500,  OOC 
253,  716.  426 
800,000 


472,044,975   570,435,791  I   548,413,965 


1,  754. 053,  632  2,  029,  311, 788  2,  336, 135,  851 


30, 677, 833 
150, 822, 829 


21,  068, 000 
33,  021, 000 


90,  701,  003 
175, 140, 218 


53,  318,  794 

186,840,326 

37,  945,  000 
65, 494,  552 

85,  811,  307 

142, 208, 247 


501,440,883   571,618,226 


482, 558,  546 
210,  614,  301 


594,410,676 
264, 067,  808 


693.172,847  1  858,478,484 


97, 820, 717 

177, 811, 234 

11.690.000 
80,  692,  820 

147,  269,  222 

133, 635,  000 


648,  918,  993 


705,  969,  027 
456,  048,  366 


1, 162, 017,  393 


48,845,050  '.      54,743,284 


66,  836,  000 


6,  763, 110,  649  7, 599,  748,  458  8,  902,  748.  423 
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WHITE    PINE    TIMBER    SUPPLIES. 


Comparative  statement  of  the  white  pine  lumber  product  of  the  Northwest  from  187S  to  1896, 

inclusive — Continued. 


Locality. 


Dnlntli  district 

St.  Croix  River 

Chippewa  River 

Lnmber  line  (C,  St  P.,  M.  and 
O.R.R.) 

Wisconsin  River 

Mississippi  River 

Miscellaneous  mills — Minne- 
sota  

"Wisconsin  Valley  Division, 
Chicago,  Milwaukee  and  St. 
Paul  Rwy 

Wisconsin  Central  Railroad... 

Milwaukee.  Lake  Shore  and 
Western  Rwy 

Wolf  River 

Miscellaneous  mills— Wiscon- 
sin  


Total,  west  of  Chicago 
district , 


3. 937,  709,  918 


Green  Bay  shore  district 

Chaboygan 

Manistee 

Ludington 

White  Lake 

Muskegon 

Grand  HaA^enand  Spring  Lake 

Miscellaneous  mills— Chicago 

and  Lake  Superior  district. . 

Total,  Chicago  district. . . 

Chicago  and  West  Michigan 
Rwy 

Grand  Rapids  and  Indiana 
R.R 

Detroit,  Lansing  and  Northern 
R.R 

Flint  and  Pere  Marquette  R.  R. 

Mackinaw  Division,  Michigan 
Central  R.R 

Miscellaneous  mills— Michi- 
gan  


Total,  railroad   and   in- 
terior mills 


The  Saginaw  Valley. 
Lake  Huron  shore. . . 


Total,  Saginaw  district. 

Lake  Erie  points 

Grand  total 


287, 781, 000 
190, 717, 450 
328, 954, 021 

246, 304,  357 


1890. 


243, 252,  488 
205,  292,  262 
394,  622,  292 

250, 546, 754 


1, 493,  396, 835   1, 582, 907,  021 
46, 900,  000         41,  565,  000 


351, 452, 502 
355, 588. 498 

285,  203,  395 
103,  375,  000 

248, 036, 860 


823, 806,  671 
87.  800,  000 

278,  097,  201 

146, 909,  748 
24,  785,  000 

337, 156,  763 
2,  600,  000 

475,  804,  519 


434,  373,  846 
336,977,527 


104,  840,  000 
257,484,449 


4, 135, 130,  947 


881,355,513 
127,540,000 
280, 495, 172 
150,605,714 
^  28,  500, 000 
433,  960,  553 
32,  668,  392 

470, 723, 201 


2, 176, 959,  902  |2,  405,  848,  545 


103,  820,  543 

165, 182,  516 

20,  453,  793 
68,  588,  694 

129,  329,  627 

70,  535, 100 


557,  910,  273 


762,901,386 
437,  655, 533 


1, 200,  556,  919 


70,  000,  000 


7, 943, 137,  012 


138, 382, 923 
191, 650,  684 


30,  984,  023 
77,  829,  402 


132, 731,  568 
62,  065,  534 


221, 903,  300 
150,  869,  000 
305,415,348 

251, 462, 430 


,343,737,412 
43, 030, 000 


372, 047, 126 
292,  359,  359 

254, 807,  237 
109,  463,  941 

249, 272, 808 


3, 594,  367,  960 


918,  919,  821 
105,  568,  034 
284, 126,  271 
136. 406, 109 

24, 875,  000 
490,  912,  236 

38, 798, 309 

481,  752,  576 


278, 283, 573 
187,  648,  238 
314, 192.  782 

282, 499, 375 


1,489,798,477 
48, 458, 747 


342, 154, 712 
313. 721.  068 

203, 183, 625 
119, 333, 887 

179, 179, 462 


3,  758, 453,  946 


412, 897, 501 


2,  481, 358,  356  i2,  376,  578,  509 


1887. 


243, 450. 068 
135,  653,  300 
325.  783,  661 

286,449,692 


1,  262,  778, 448 
24, 071, 334 


296, 139, 945 
313, 428,  000 

183,751,300 
100, 812.  293 

135,  382, 109 


3, 307, 700, 150 


672,  669,  :«0 
87, 443,  000 

258,  328.  476 

137,  250,  380 
84,  323.  440 

665,  449,  921 
52,  000,  000 

382. 408,  475 


2, 339,  873.  022 


633,  644, 134 


815,  767,  948 
597,  863, 141 


146, 479, 116 

230,830,778 

58,  830,  000 
78,  208,  644 

145,  767, 101 

63,  712,  227 


723,  827,  866 


836, 184, 171 
601,  594,  924 


1, 413, 631,  089  1, 437,  779, 095 


76,250,000  i   68,500,000 


8,  664,  504, 715  8, 305, 833, 277 


133,  992,  589 

221,  956,  670 

96, 118, 721 
74, 079, 140 

129, 185,  921 

44,  939,  824 


121,  996,  525 

295,  774,  248 

84,  349,  932 
95,  441,  220 

124,  392.  261 

11, 408,  000 


700,  272,  865    733,  362,  188 


876,  300,  087 
621,  689, 053 


766,  37.i,  696 
555,  855.  730 


1, 497,  989, 140 


322, 2:i  1.426 


55, 422,  000  I    54,  7r.O,  000 


8,388,716,460  |  7,757,916.784 
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Comparative  statement  of  the  white  pine  lumber  product  of  the  Northwest  from  187SU>lS96f 

inclusive — Contiuued. 


Locality. 


Duluth  district 

St.  Croix  River 

Chippewa  River 

Lumber  Line  (C,  St.  P..  M.  & 
O.R.R.) 

WiscoiiBin  River 

Mississippi  River 

Miscellaneous  mills -Minne- 
sota   

Wisconsin  Valley  Division, 
Chicago,  Milwaukee  and  St. 
Paul  Rwy 

"Wisconsin  Central  R.  R 

Mil.,  Lake  Shore  &  Western  Ry 

Wolf  River 

Miscellaneous  milld— Wiscon- 
sin   


Total,  west  of  Chicago 
district 


Green  Bay  Shore  district 

Cheboygan 

Manistee 

Ludington 

White  Lake 

Muskegon 

Grand  Haven  and  Spring  Lake. 

Miscellaneous  mills— Chicago 

and  Lake  Superior  district.. 


3, 115, 128, 167 


Total,  Chicago  district 

Chicago  and  West  Michigan 
Rwy 

Grand  Rapids  and  Indiana 
R.R 


Detroit,  Lansing  and  Northern 
R.R :. 


Flint  and  Pere  Marquette  R,  R. 

Mackinaw  Division,  Michigan 
Central 

Miscellaneous  mills— Michi- 
gan  


Total,  railroad  and   in- 
terior mills 


The  Saginaw  Valley 
Lake  Huron  shore . . . 


Total,  Saginaw  district. 

Lake  Erie  points 

Grand  total 


193,  387,  095 
127,  603, 242 
347, 492,  315 

281,485,131 


1,326,158,802 
30, 026, 000 


200, 314. 613 

275,  272,  408 

128, 515,  211 

99,  033,  779 

105,  839, 571 


590,  740,  912 
97,  500, 000 

244,  359,  885 

115,  200,  000 
75,  347,  648 

620,  334, 164 
73,  663,  069 

279,  698,  669 

2, 196.  844,  347 


90, 573,  762 

367,  072,  251 

106,  393,  937 
83,  923,  610 

112,  716,  447 

13,  675,  000 


774, 319, 007 


784, 891,  224 
499, 685,  698 


1, 284, 576,  922 


54,  500,  000 


7,  425,  368,  443 


1885. 


161,  850,  000 
161.531,745 
372,  956,  872 

274,  111,  604 


1,437,889,793 
27, 495, 000 


214,  993,  817 
229,  225,  000 
87,  6o0,  000 
130,  900,  000 

70,435,146 


3,169,018,977 


587,  067, 001 

60,  447,  464 

220,  759,  776 

85,  632,  040 
94, 576.  430 

543,  409,  637 

86,  250,  000 

299,  078, 276 


1,  977,  220,  624 


103, 926, 889 

240,  404, 203 

116, 168,  504 
87,  030,  475 

100,  028,  930 

16,  082,  000 


663,  641,  001 


725,  976,  037 
464,  937,  916 


1, 190,  913,  953 


52,  300,  000 


7,  053,  094,  555 


1884. 


243,  967,  300 
149,  686,  881 
454,  544,  723 

288,  095, 526 


1,  414,  294, 695 
6,900,000 


271, 720,  795 
301,99.1.232 
99,  232,  878 
142,  672, 196 

75,  538,  531 


3,  448, 646,  757 


601,  804, 134 

83,  200,  000 
237,  522, 675 

98,  848,  490 

84,  261.  555 
639,  952,  568 
120,  617,  335 

370, 063, 355 


2,  236,  270, 112 


100,  567,  700 

312,  961,  877 

126,  092,  378 
107, 481, 946 

95,  255, 374 

46,  673,  447 


789, 032, 722 

~9787564,"98r 
431,  268, 479 


,  409,  833, 463 


51,  250, 000 


7,  935,  033,  054 


191,  093, 103 
124.464.190 
428,  852,  505 

276,  545. 180 


1,  290,  062,  690 
42, 050,  000 


254,  607,  810 
282, 000,  000 


127,251,625 
149, 104,  690 


3, 134,  331,  793 


686,  644,  708 
82,  000.  000 
219,  710,  682 
128,  832, 122 
76,  750,  000 
646,  263,  886 
150,  946,  998 

119,921,680 


2,111,070,076 


196, 576, 368 

306,  367, 900 

129,  672,  500 
110,  024,  786 

76, 345,  788 

64,  413,  508 


3,850 


1, 439,  852,  067 


55,  635, 000 


7,  624,  789,  786 


1882. 


154.  528. 950 
113,453,471 
414,  994,  735 

196, 999, 934 


,372,319,903 


236,205.388 
142,  220,  000 


145,  438,  461 
154, 462.  954 


2,931,924,1C6 


638,0L'0, 113 
74,  451.  788 
236, 823, 385 
136,  248.  851 
108, 328,  251 
643,  780.  512 
192,  706,  632 

158,  012,  233 


2, 188, 371,  665 


206,011,000 

329,010,668 

102,  748,  000 
112,638,562 

72.  550.  000 

97,851,000 


922,  409.  230 


1,012,951,211 
441,  966. 134 


1,  454,  917,  345 


54,  528,  380- 


7,  552, 150, ' 
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WHITE   PINE    TIMBER    SUPPLIES. 


Comparative  statement  of  the  white  pine  lumber  product  of  the  Northwett  from  187 S  to  1896^ 

inclusive — Continued. 


Locality. 


Dulutb  district 

St.  Croix  River 

Chippewa  River 

Lumber  line  (C,  St.  P.,  M.  &  O. 
R.R.) 


1881. 


87, 866, 000 
124,  020,  474 
380,  390,  917 


1880. 


36, 000, 000 
111,380,000 
350, 632,  000 


1879. 


28, 500,  000 

84.  230,  000 

243,  665, 000 


1878. 


10,  500,  000 
61,  941,  000 
154, 119, 000 


1877. 


53.  341, 000 
157.  046,  000 


"Wisconsin  River 

Mississippi  River 

Miscellaneous  mills— Minne- 
sota   - 

"Wisconsin  "Valley  Division, 
Cbicaso,  Milwaukee  and  St. 
PaulRy 


1, 153, 191, 303 


923,035,000 


153,747,000 
688, 141, 000 


105, 809, 000 
480,  698,  000 


124,  923. 000 
506,090,000 


"Wisconsin  Central  R.R 

Milwaukee,  Lake  Shore  and 
"Western  Rwy , 

"Wolf  River 

Miscellaneous  mills — "Wiscon- 
sin  


180, 499, 000 
182, 499,  000 


141,  902, 000 
142, 236, 000 


138,  849,  000 
208,  000,  000 


150, 218, 000 
226, 854. 000 


104, 739,  000 
270, 176, 000 


90,  907, 000 
120,  000,  000 


96, 398,  000 
135, 500, 000 


Total,  west  of  Chicago 
district , 


Green  Bay  shore  district 

Cheboygan 

Manistee 

Ludington 

White  Lake 

M  uskegon 

Grand  Haven  and  Spring  Lake 

Miscellaneous  mills— Chicago 

and  Lake  Superior  district. . 


2, 459,  315, 694 


2, 072, 257, 000 


1, 573, 198, 000 


1, 023, 974, 000 


L  063, 298, 000 


532,  387,  607 
73,  OUO,  000 
208,  729,  054 
123, 108,  945 
140,  010,  042 
661,  845,  423 
191,  696,  077 

180,  OCO,  000 


82,  420, 492 


74, 195,  000 


57.  526,  239 


68,  923,  OOO 


Total,  Chicago  district.. 

Chicago  and  "West  Michigan 
Rwy 

Grand  Rapids  and  Indiana 
R.R 

Detroit,  Lansing  and  Northern 

R.R :. 

Flint  and  Pere Marquette  R.  R. 

Mackinaw  Division,  Michigan 
Central  R.  R 

Miscellaneous  mills— Michi- 
gan   


2, 110,  837, 148 


1, 801,  351, 006 


1,  531,  540, 000 


1,  251,  080,  759 


1, 138, 165,  496 


109,  210,  936 

267,  940,  292 

I     114,158,080 
'     130,  920,  704 

84, 187, 079 

200, 000,  000 


Total,  railroad  and  in- 
terior mills 


The  Saginaw  Valley 
Lake  Huron  shore... 


Total,  Saginaw  district. 

Lake  Erie  points 

Grand  total 


58,  380,  000 

174, 785, 000 

71,  530,  000 
92,  681,  000 

68,  275,  000 

163.  000, 000 


87,804,000 
146, 503,  000 


92,  673,  000 
8U,  650,  000 


95,  615,  000 
150,  000,  000 


65, 000,  000 
128, 508, 000 


99,  450,  000 
59.  642.  000 


93,  500,  000 
120,  000,  000 


28,  750, 000 
139. 129,  000 


104,  216,  000 
75,  711,  000 


143,  800,  000 
133.  000,  000 


906,  417. 091 


628,  651,  000 


653, 245,  000 


566,100,  000 


624,  606.  000 


982,  320,  317 
313,  966,  499 


862,  453,  000       736, 106,  000 
286,  583, 000       312,  854, 000 


574, 163,  000 
214, 155, 000 


640,166,000 
129,  098,  000 


1,  296,  286, 816 


1,149,036,000  11,048,960,000 


788,  318,  000 


769,  264,  000 


6, 768, 856, 749 


5, 651, 295, 006  4, 806, 943, 000 


3, 629, 472,  759     3, 595, 333, 49« 
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Comparative  statement  of  the  white  pine  lumber  product  of  the  Northwest  from  187S  to  1896^ 

inclusive — Continued. 


Locality. 


Duluth  difltrict ■ 

St.  Croix  River 

Chippewa  River "••••" 

Luinberline(C.,St.P.,M.&O.R.R.). 

Wiaconsiu  River 

Mississippi  River 

Miscellaneous  milla— Minnnesota 

"Wisconsin  Valley  Division,  Chicago, 

Milwaukee  and  St.  Paul  Rwy 

Wisconsin  Central  R.  R 

Milwaukee,  Lake  Shore  and  Western 

Rwy 

Wolf  River • 

Miscellaneous  mills— Wisconsin 


1876. 


66,  793,  000 
255,  867,  000 


141.  700,  000 
700,  819,  000 


1875. 


75,  520,  000 
274, 077,  000 


119,600,000 
617, 397, 000 


1874. 


60,  200, 000 
282, 199, 000 


121, 600,  000 
675,  443. 000 


1873. 


71, 000. 000 
267, 000,  000 


125.000,000 
650,000.000 


138,  645,  000 
145, 050,  000 


163,737.000 
110,000,000 


185,000.000 
85,  000,  000 


170, 000,  000 
70. 000, 000 


Total,  west  of  Chicago  district. 


1, 448, 874, 000 


1,360,331,000 


Green  Bay  shore  district 

Cheboygan  

Manistee 

Ludington 

White  Lake 

Muskegon 

Grand  Haven  and  Spring  Lake 

Miscellaneous    mills— Cnicago    and 
Lake  Superior  district 


313, 086, 000 
45, 500. 000 

146, 425,  000 

104, 724, 000 
79,  600,  000 

296,  334, 000 
58,  500, 000 

74,  360,  000 


84,  080,  000 


1, 309.  442. 000 

233,  769,  000 
29,  500,  000 

152,  508,  000 
92,  225,  000 
51,  300,  000 

309,  200,  000 
80, 964,  000 

94,  825,  000 


1.  353. 000,  000 


100,  000,  000 


Total,  Chicago  district. 


1, 118, 529, 000 


1, 120, 962, 000 


1,  044, 291, 000 


Chicago  and  West  Michigan  Rwy. 
Grand  Rapids  and  Indiana  R.  R. . 
Detroit,  Lansing  and  Northern  R.  R. 

Flint  and  Pere  Marquette  R.  R 

Mackinaw  Division,  Michigan  Cen 

tralR.R 

Miscellaneous  mills— Michigan 


,  226, 819, 000 

50,  600.  000 

130,  000,  OdO 

75,  400,  000 

55,  303, 000 

50,  300. 000 
260,  000,  000 


Total,  railroad  and  interior  mills 


589,535,000 


747,  952,  000 


659,  340,  000 


The  Saginaw  Valley 
Lake  Huron  Shore. . 


573,  958,  000 
148, 150,  000 


581,  558, 000 
157, 750,  000 


573,  633,  000 
164,  600,  000 


621,603,000 


619, 867,  000 
172,491,000 


Total,  Saginaw  district 

Lake  Erie  points 

Grand  total 


722,108,000 


739,  308,  000 


738,  233,  000 


792,  358. 000 


3,  879,  046, 000 


3,  968, 553, 000      3, 751, 306, 000 


3, 993,  780, 000 
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Comparative  itatement  of  the   shingle  product  of  the   Northwest  from  1873  to  1896, 

inclusive. 


Locality. 


1894. 


1892. 


Duluth  district 

St.  Croix  River , 

Chippewa  River 

Lumber  Line  (C,  St.  P.,  M. 
audO.R.R) 

"Wisconsin  River 

Mississippi  River 

Miscellaneous  mills— Minne- 
sota   

Wisconsin  Valley  Division, 
Chicago,  Milwaukee  and  St. 
Paul  Rwy 

"Wisconsin  Central  R.  R 

Milwaukee,  Lake  Shore  and 
Western  Rwy 

Wolf  River 

Miscellaneous  mills— Wiscon- 


45, 383,  500 
37,  532,  500 
104, 211, 750 

29,931,000 


89, 501, 000 
36. 822,  000 
137,604,000 

49, 252,  500 


70, 234, 500 

59,  717,  000 

138,  575,  250 

75, 491, 750 


102,120,760 

59,  455,  750 

174,  567,  250 

110, 781,  000 


134, 226,  000 

87,  839,  000 

188,  243,  500 

147,767,250 


Total,  west  of  Chicago 
district 


Green  Bay  Shore  district 

Cheboygan 

Man  istee 

Ludiiigton 

White  Lake 

Muskegon 

Grand  Haven  and  Spring  Lake. 

Mi.sc«illaneous  mills— Chicago 

and  Lake  Superior  district.. 

Total,  Chicago  district  . . 

Chicago  and  West  Michigan 
Rwy 

Grand  Rapids  and  Indiana R.R 
Detroit,  Lansing  and  Northern 

R.R 

Flint  and  Pere  Marquette  R.R. 
Mackinaw  Division,  Michigan 

Central  R.  R 

Miscellaneous  mills — ^Michigan 

Total,  railroad  and  inte- 
rior mills 


The  Saginaw  Valley. 
Lake  Huron  shore. . . 


Total,  Saginaw  district. 
Grand  total 


284,  963,  750 
14, 911,  250 

46, 801, 500 
19,  583,  000 

43, 968,  750 
9,  894,  000 

78,  224, 000 


715, 405, 000 


322, 462, 000 
21, 700, 000 

217.  517,  000 
11, 601,  000 
15,  285,  000 
40, 676, 750 


136,  564, 000 


765, 805, 750 


15,000,000 
33, 103, 000 

8, 900,  000 
29, 000, 000 

28, 600, 000 
132,893,000 


408,452,000 
11, 416,  000 


69, 129, 650 
43, 181, 750 

97, 919, 000 
22,  678, 750 

111,202,200 


424,954,250 
18, 525, 000 


119, 504, 000 
59,  420, 000 

152,  551, 250 
24,  450,000 

155,  630,  000 


545, 263, 350 
11, 372, 000 


110, 701, 000 
115, 794,  250 

169,  340,  000 
28,  246,  000 

111,  667.  250 


746, 165, 500 
4, 450,  000 


218,  764,  000 
129, 589, 250 

290,  255,  000 
44,  556,  000 

102, 263, 750 


1, 077, 158, 850 


1, 299, 053, 000 


1,  539,  308,  600 


2,  094, 119, 250 


278, 760, 500 
34, 302,  000 

259, 737,  500 
22,  859,  500 
21, 800, 000 
53, 825, 000 


330,  085,  250 
31,200,000 

245,  289,  000 
38,  848,  000 
27, 048,  000 
62, 252, 000 


301,  708, 750 
43,  401,  000 

269,  483,  500 
37,  668,  750 
29.  700,  000 
75,  953, 000 


306,  941,  400 
50, 000.  000 

345,  969,  423 
51.  322.  250 
60,  000, 000 

169,  392,  000 


149,  662, 000 


160,  672,  000 


215, 906, 950 


204,  340,  250 


820, 946, 500 


895,  394,  250 


973,  821,  950 


1, 187,  965,  323 


26, 027, 750 
52, 535,  000 

12,  350,  500 
44,  250,  000 

41,  612,  750 
226, 266, 500 


83,  630,  500 
95,  985, 000 

25, 457,  000 
79, 733,  750 

83,  265,  000 
325, 103, 850 


98, 351, 500 
134, 722, 000 

28,  460, 000 
108,  099, 500 

83,  322,  750 
255, 923,  600 


96, 344,  000 
145,  451,  953 

28,  325, 000 
163, 876, 500 

85,  325, 000 
189, 826, 000 


247, 496, 000   403,  042, 500 


643, 175, 100 


718,879,350 


709, 148, 453 


38, 180,  750    49, 843,  000 
90, 017,  950   114,  377,  750 


88,  307,  250 
95, 753,  250 


112,  826.  000 
76,  333,  000 


182,  315,  250 
106, 447,  000 


128, 198, 700   164,  220, 750 


184, 060, 500 


189, 159,  000 


288, 762, 250 


1, 856, 905. 450  !2, 465, 368,  600 


3, 021, 682, 850 


3,421,168,900 


4.279,995,276 


WHITE    PINE    TIMBER    SUPPLIES. 


15 


Coniparative  statement  of  the  shingle  product   of  the  Northwest  from   1873  to   1S96, 

inclusire — Continued. 


Locality. 


Duluth  district 

St.  Croix  Kiver 

Cliij)pewa  Kiver 

Lumber  Line  (C,  St.  P.,  M. 
.fcO.K.R) 

Wiscousin  River 

MissisHippi  River • 

Miscellaneous  mills— Minne- 
sota   ■ 

Wisconsin  Valley  Division 
Chicago,  Milwaukee  and  St. 
Paul  Rwy 

Wisconsin  Central  R.  R 

Milwaukee,  Lake  Shore  and 
Western  Rwv 

Wolf  River 

Miscellaneous  mills — Wiscon- 


Total,  west  of  Chicago 
district 


Green  Bay  shore  district 

Cheboygan 

Man  istee 

Ludington 

White  Lake 

Muskej^on 

Grand  Haven  and  Spring  Lake. 

Miscellaneous  mills — Chicago 

and  Lake  Superior  district . . 

Total,  Chicago  district . . 

Chicago  and  West  Michigan 

Rwy 

Grand    Rapids   and    Indiana 

R.R 

Detroit,  Lansing  and  Northern 

R   R 

I'iint  and  Pere  Marquette  R.  R. 
Mackinaw  Division  Michigan 

Central  R.  R 

Miscellaneous  mills— Michigan 

Total,  railroad  and  inte- 
rior mills 


The  Saginaw  Valley 
Lake  Huron  shore. . . 


Total,  Saginaw  district. 
Grand  total 


1891. 


1890. 


93,101,000 
71, 759, 000 
182,171,500 


85,  682,  500 
85,  005, 750 
191,507,500 


122,  994, 750  |  136,  899,  150 


661,  825,  250 
1,  950, 000 


159,  965,  250 
114,  206,  000 

255,  936,  250 
72,  933,  000 

84,  212,  000 


1,821,054,000 


246, 177,  250 
11,  500,  000 

318,  642,  000 
90,991,250 
25,  883, 000 

191, 117,  250 


157, 799, 250 


1, 042, 110,  000 


77,  594,  000 

78,  654, 000 

85,  674.  750 
129,  625,  000 

95,  746,  500 
119, 183,  250 


586, 477, 500 


226,  938,  000 
78,  513,  000 


305, 451,  000 


3, 755, 092, 500 


689, 886,  600 
6,  900, 000 


194,  693,  000 
144,  981,  900 

226,  551,  750 
80, 181,  000 

115, 457,  000 


100,  326,  750 
64,  925,  250 
178,  779,  750 

142,133,250 


1888. 


111,261,250 
66, 712, 750 
159,  020,  000 

127,  368, 000 


710,  491,  800   585,  804,  350 
11, 375, 000    23, 535, 000 


200.  408,  500 
132,  343, 250 

246,  350, 000 
50,  690,  500 

122,  886, 750 


1, 958, 346, 150  1,  966, 710, 


349, 101,  250 
3,  000,  000 
404,  378,  500 
114,  422,  750 
41,000,000 
364, 721, 000 


174,490,000 


389, 196, 000 
8.  500,  000 
584,  945,  750 
101,484,500 
42, 000, 000 
347,  201,  750 


141.676,500 


1, 451, 113,  500  |l,  579,  004, 000 


97,  895,  000 
93, 172,  000 


162,  466,  000 
176,  820,  000 


132,  891, 000 
118,  788,  250 


125,166,000 

146,  400,  000 

205,  571,  000 
204,  966,  750 

107, 999,  000 
54, 407,  000 


782,  032,  250 


221,  345,  600 
72,  987,  000 


294,  332,  600 


4,487,824,500 


844,  509,  750 


222,  246,  250 
86,  505, 000 


308,  751,  250 


4,  698, 975,  800 


167,726,500 
130, 081,  600 

91,  793,  000 
57.  382,  000 

51,  950, 000 


1,572,634,350 


281,497,250 

6.  500.  000 

582,  394,  500 

97,  630,  000 

47, 132.  500 

501,157,000 

4,  000,  000 

122, 182,  000 


1,  642,  493,  250 


117,431,000 
175,  882,  750 


331,  420,  500 
206,  764, 250 


106,  653,  200 
24, 169, 000 


1887. 


84.496,000 
48, 574, 250 
134, 791, 250 

111,546,000 


461.  399,  500 
17, 088. 000 


126,  776,  600 
Vj2,  223,  500 

89,  914,  000 
57, 592,  000 

41,901,000 


1,326,302.000 


242.  832.  250 
11,000,000 

433,  131.  750 
79.  657.  500 
52,  020,  500 

520,531,750 
41,  275.  000 

113,  808, 000 


1,494,256,750 


962,  320,  700 


263,  784,  000 
73,  414,  501 


337, 198, 501 


4,  514, 646, 801 


136.  856,  750 


351.  386.  000 
159,  411,  250 


63,  500.  000 
36, 150, 000 


1, 045,  512,  000 


196,  983, 000 
53. 413. 000 


250, 396,  000 


4. 116, 460, 750 
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Comparative  statement  of  the  shingle  product  of  the  Northwest  from  187S  to  1896, 

inclnaive — Continued. 


Lo«  ality. 


Dulath  district 

St.  Croix  Kiver 

Chippewa  River 

Lumber  Line  (C,  St.  P.,  M. 
andO.  R.  R) 

Wisconsin  River 

Mississippi  River 

Miscellaneous  mills — Minne- 
sota   

Wisconsin  Valley  Division, 
Chicago  Milwaukee  and  St. 
Paul  Rwv 

Wisconsin  Central  R.  R 

Milwaukee,  Lake  Shore  and 
Western  Rwy , 

Wolf  River 

Miscellaneous  mills — Wiscon- 
sin   


Total  west  of  Chicago 
district 

Green  Bay  shore  district 

Cheboygan 

Manistee 

Ludingtun 

White  Lake 

Muskegon 

GrauU  Haven  and  Spring  Lake. 

Miscellaneous  mills — Chicago 

and  Lake  Superior  district . . 

Total,  Chicago  district . . 

Chicago  and  West  Michigan 
Rwy 

Grand  Rapids  and  Indiana 
R.R 

Detroit  Lansingjand  Northern 
R.R 

Flint  and  Pere  Marquette  R.  R. 
Mackinaw  Division,  Michigan 

Central  R.R 

Miscellaneous  mills — Michigan 

Total,  railroad  and  inte- 
rior mills 


The  Saginaw  Valley. 
Lake  Huron  shore . . . 


Total,  Saginaw  district.. 
Grand  total 


64, 370, 500 

42, 186, 750 

210, 125,  990 

157,  557, 500 


520,  594,  250 
21,740.000 


109, 458, 500 
140,  645,  750 

83,  040,  000 
45,  758,  750 

45, 278,  500 


1,446.756,490 


222,  982, 350 
9,  000.  000 
507.  388,  500 
118,161,750 
50,  653,  000 
458, 100,  000 
124,  670,  000 

135,  031,  000 


1. 625,  986, 


116, 017, 000 

403, 999, 750 

472, 029,  5001 
148,  035,  250 

62, 100, 000 
12,150,000 


1,214,331,500 


227, 463,  000 
62,  993,  120 


290, 456, 120 


4, 577,  530,  710 


1885. 


67,050,000 
51, 527, 250 
195, 937, 000 

146, 688, 000 


610, 118,  000 
15, 355, 000 


122,409,250 
142,  537,  000 

89,  655, 000 
75, 812, 000 

30, 124, 000 


1, 547, 212,  500 


246, 478,  000 
4,  000,  000 

482,  9U7,  000 
55,  567,  000 
73, 535,  000 

383,  844,  500 
97,  527,  250 

104, 467,  500 


1, 448,  326,  250 


102,374,500 

244, 248, 000 

391,420,000 
206, 608,  000 

35, 075,  750 
1,  500, 000 


981, 226, 250 


227, 739,  750 
53, 469,  000 


281, 208, 750 


4, 257, 973, 750 


1884. 


68, 165, 250 
48,  819,  000 
192, 382, 500 

134, 332, 250 


593,  325,  QUO 
950,000 


138, 621,  200 
193, 872,  000 


55, 324, 250 
108, 871, 750 


51. 155. 000 


1, 575, 818, 200 


140, 738, 750 
3,  000,  000 

610,  334,  050 
45, 918,  500 
58,  380,  000 

327,  525,  500 

133, 322, 000 

117, 714, 250 


1,  436,  933,  050 


73,  868, 000 

378,579,000 

497,  567, 000 
224,  660, 000 

2,  650,  000 
30,  729,  250 


1, 208, 053,  250 


281,  325,  500 
57,  696, 000 


339,  021,  500 


4,  559, 826, 000 


49, 767,  000 
51,  336,  000 
136,  612.  250 

71,  846,  500 


538.  252, 000 
13,  635, 900 


163.  091,  250 
216, 958,  000 


106, 627, 000 
73.  528,  000 


1, 406,  653.  000 


172. 470,  750 
7,  000,  000 

722,  869, 139 
41,  307,  750 
39,  555,  000 

225,  529,  000 

147.  834, 000 

83,  940,  000 


1, 440,  505,  639 


134, 077,  000 

220,568,000 

178, 335,  000 
209, 575,  000 

18, 306,  250 
53, 807,  500 


814, 668,  750 


244,631,750 

58, 297,  rm 


302, 929,  250 


3,  964,  756,  639 


51,  736, 500 
64,  059.  250 
162, 845,  950 

55,  837,  000 


578,  928,  000 


165,241,000 
108,  397,  000 


142, 292, 500 
155,  400, 000 


1, 484,  719,  200 


139, 223,  333 


721,999,000 
84,  091,  250 
38,  000,  000 

121,  398,  250 
57, 000,  000 

211, 716,  875 


1,  373, 428,  708 


134,  054, 500 

267, 927, 000 

132, 018, 000 
253,  417,  000 

8,  650,  000 
100,  000,  000 


896, 066,  500 


278,  514,  000 
61,  549,  250 


340,  063.  250 


4,  095,  277,  658 
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Comparative  statement  of  the  ahhigh-  product  of  the  Northwest  from  187S  to  1896, 

ineiuaive — Continued. 


Locality. 

1881. 

1880. 

1879. 

1878. 

1877. 

Dulutli  district 

24, 650, 000 
71,887.000 
124, 141, 250 

7, 500,  000 
52,  958,  000 
87,926,000 

St   (^roiv  liivftr     ...... 

40,  300,  000 
73, 016, 000 

35, 595,  000 
60,458,000 

27.980,000 
55,448,000 

Luiiibt^r   line   (C,  St.   P.,  M. 
and  0.  Iv.  K.) 

"Wisconsin  River 

169, 439,  000 
208,  331,  000 

144,450,000 
179,900,000 

102. 007. 000 
242.865.000 

ilississipni  Kiver                   ... 

410, 723, 343 

289,  658, 000 

Misielianeous    mills— Minne- 

Wisconsin    Valley    Division, 
Cbicago,  Milwaukee,  and  St. 
Paul  liw V - ..•-..• •- --- 

106, 140,  000 
108,  834,  000 

81,  300.  000 
93,  700, 000 

Wisconsin  Central  R.  R 



Milwaukee,  Lake  Shore  and 
Western  Rwy......         .   ... 

"Wolf  River 

162, 117, 750 
175, 000, 000 

144,411,000 
166,  630,  000 

83,167,000 
200,  000, 000 

66,065,000 
175,300,000 

lOtt.  736. 000 
133, 000,  000 

Miscellaneous  mills — Wiscon- 
sin   

Total,  west  of  Chicago 
district 

1,192,493,343 

924,  083,  000 

774,  253,  000 

661,785,000 

662,  636,  000 

Green  Ray  shore  district 

Chelioyan            . .     ...... 

179,  212,  625 

189,561,000 
1,  250,  000 

440,  469,  000 
56,  707,  000 
47,  245,  000 
58,  003,  000 

168,  000,  000 

45,881,000 

194,  941,  000  !     169,  550,  000 

3,  000,  000  1         2,  500.  000 

366,  684,  000       340.116  OOO 

156.  :175.  000 

4,  800, 000 

205,  OOO.OiK) 

Manistee 

(501.  890,  000 
92.  109, 000 
36,  088,  000 
89,  000,  000 

175,  000, 000 

85,  000,  000 

Ludin  "ton              ............. 

52,  715,  000 

65,  400,  000 

36,  000,  000 

118,000,000 

61,775,000 

25.  000,  000 

55.  000,  (too 

16,  000,  000 

110,  000,  000 

60,  000,  000 

20  000  000 

White  Lake 

51,000,000 

Muske"'on               ............. 

36,  (00,  000 
68,  OUO.  000 

50,  000, 000 

Grand  Haven  and  Spring  Lake. 

Miscellaneous  mills— Chicago 

and  Lake  Superior  district. . 

Total,  Chicago  district.. 

1,  258,  299,  625 

1, 007, 116, 000 

898,  515,  000 

778, 166,  000 

585, 175,  000 

Chicago  and  West  Michigan 
Rwv 

100,  000,  000 

167,  842,  286 

157,  659,  000 
212,814,313 

30,  000,  000 
80, 000,  000 

66,  292,  000 

186,581,000 

97,  049, 000 
152,  350,  000 

40,  428,  000 
200,  000,  000 

75,  277,  000 

274,  869, 000 

119,  314,  000 
90,275.000 

81, 875,  000 
250, 000,  000 

71,  000,  000 

192,  900,  000 

133,  300,  000 
133, 450,  000 

100,500,000 
275, 000,  000 

65,  500, 000 
328, 460, 000 
298,184,000 

Grand    Rapids   and    Indiana 
R.R...... 

Detroit,  Lansing  and  North- 
ern R.  R 

Flintand  Pere  Marquette  R.  R. 

Mackinaw  Division,  Michigan 

Central  R.  R         

166,  030, 000 
144, 000,  000 

Miscellaneous  milLs— Michigan 

225,  000,  000 

Total,  railroad  and  inte- 
rior mills 

748, 315,  599 

742,  700,  000 

891, 610,  000 

906, 150, 000 

1, 227, 174, 000 

304,  025,  500 
42,  872,  750 

241,075,160 
57,  938,  000 

218,  934,  750 
75, 800,  000 

153, 989,  750 
61,400,000 

167,971,755 

Lake  liuron  shore       ......... 

53,  900,  000 

Total,  Saginaw  district. . 

346,  898,  250 

299,  013, 160 

294,  734, 750 

215,389,750 

221,871,755 

3,546  006  817  '^979  019!  ifiO 

2  859, 112,  750   ">-  -'ifil   i90  '^.'iO 

2,696,856,755 

1 

1 

S.  Doc.  40- 
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Comparative  statement   of  the  shingle  product   of  the  Northwest  from  1S73  to  1896, 

inclusive — Continued. 


Locality. 

1876. 

1875. 

1874. 

1873. 

Duluth  district 

St  Croix  River      .. 

30, 195,  000 
79,  250,  000 

""'i06,"256,'666' 
313, 172,  000 

51. 525, 000 
72, 500,  000 

77,' 150,' 666" 

838.903,000 

23,  900,  000 
63,  000,  000 

45,' 625,' 666' 

318,  052, 000 

35,  000.  000 
65,  000,  000 

53, 806,  666 
299,  650,  000 

Lumber  Line  (C,  St.  P.,  M.  &  0.  R.  R.) 

Mi'*si''s'ppi  Ujvpr              .       

Miscellaiieoiis  mills — Minnesota 

Wisconsin  Valley  Division,  Chicago, 
Milwaukee  and  St.  Paul  Rwy 

Wisconsin  Central  R.  K 

132,  700,  000 

84,000,000 

22,  000,  000 

Milwaukee,  Lake  Shore  and  Western 
Rwy 

Wolf^River 

123, 192,  666 
48,  400,  000 

150,  225, 000 
37,  500,  000 

164,  650,  000 
52,  000,  000 

168  480  000 

Miscellaneous  mills— Wisconsin 

46.  860,  000 

Total,  west  of  Chicago  district. 

833, 159,  000 

811,803.000 

688,  627,  000 

668,  790,  000 

Green  Bay  Shore  district 

107,  200,  000 
9,  000,  000 

189.  000,  000 
18,  000,  000 
61,  000.  000 
32,  000,  000 
45,  000,  000 

48,  000,  000 

63,  200, 000          1  "Xi  Sftft  rtnn 

108,  450,  000 

7,  900,  000 
120.000,000 

8,  000,  000 
29,  500.  000 
22,  750,  000 
36,  000,  500 

60,  000,  000 

Chebovfan        .       .     ..  ...  ........ 

8, 500. 000 
148, 500.  000 
16,115,000 
20,  000.  000 
28, 100,  000 
40,  000,  000 

46.  000.  000 

8,  000,  000 
129,  500,  000 
15,  000,  000 
30.  000,  000 
26.  000,  000 
38,  000,  000 

52, 000,  000 

Manistee 

White  Lake 

Grand  Haven  and  Spring  Lake 

Miscellaneous    mills— Chicago    and 

Total,  Chicago  district 

509.200,000           370,315,000 

424,  800,  000 

393, 100.  000 

Chicago  and  West  Michigan  Rwy  .... 

Grand  Rapids  and  Indiana  R.  R 

Detroit,  Lansing,  and  Northern  R.  R  . 

Flint  and  Pere  Marquette  R.  R 

Mackinaw  Division,  Michigan  Cen- 
tral R.  R 

149,  375,  000 
219,  250,  000 
189,  450,  000 
146,  300,  000 

221,  450,  000 
3.50.  000,  000 

101,485,000 
2>)6,  400.  000 
158,  148,  000 
161,  800,  000 

114,  487,  000 
300,  000,  000 

106.  000,  000 
249,  000,  000 
100.  000,  000 
118,  500,  000 

92,  800, 000 
400, 000,  000 

80, 000,  000 
200,  000,  000 

90,  000,  000 
120,  699,  000 

15, 100,  000 

Miscellaneous  mills — Michigan 

400,  000,  000 

Total,    railroad   and   interior 
mills 

1, 275,  825,  000 

1,  042.  320,  000 

1,  066,  300,  000 

905,799,000 

The  Saginaw  Valley 

201,340,725  i        224,030,240 
78,  000,  000             67,  350,  000 

208,  489,  .555 
85,  000,  000 

218,  394, 550 
91,  350,  000 

Lake  Huron  Shore      ............... 

Total,  Saginaw  district 

282,  346,  725           291,  400,  240 

293.  489,  .555 

309,  744,  550 

Grand  total 

2,  900,  530,  725 

2,  515,  838,  240 

2,  473,  216,  555 

2,  277,  433,  550 
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Appendix  2. 
Summary  of  estimates  of  coniferous  wood  standing  in  Minnesota,  1896. 
[Compiled  from  report  of  State  chief  fire  warden.] 
[Feet,  B.  M.] 


County. 

White 
pino,  mil- 
lion. 

Norway 
pine,  mil- 
lion. 

Jack 
pine,  mil- 
lion. 

Spruce, 
million. 

Cedar, 
million. 

Tama- 
rack,  mil- 
lion. 

Aitkin 

875 

120 

1,500 

1 

1.6 
550 
800 
25 

75 

60 

350 

Becker         

(a) 
(a) 

Beltrami                      I 

(a) 

Benton           .     ..  .   . . 

Cass 

0.4 
100 
150 

5 

(a) 
200 

10 
200 

Cook 

Crow  TViui^"  ...   ... 

io 

Don  "'las                                          .  ...... 

(a) 
10 

i 

Hubbard    

450 

0.2 

2,  200 

150 

1,  .500 

500 

18 

2 

800 

450 

3,200 

6 

300 

50 

Isanti 

1 

Itasca  

550 

30 

100 

100 

50 

Kanabec                                         . .  .... 

Lake 

200 

40 

7 

0.4 

300 

150 

700 

0.075 

30 

50 

200 

400 

150 

Millelacs 

(a) 

Ottertail                                           

(a) 

1 

Pine 

(a) 
(a) 
400 

Roseau                                             . .   .... 

100 
450 

400 

300 

Todd                 .                       

(a) 

100 

Total 

12, 650 
14,424 

3,  017.  875 
3,412 

640 
640 

1,060 
1,050 

1,010 
1,010 

6k.O 

The  summary  given  by  the  chief  fire 
"warden  is  as  follows             •  •  •  ... 

450 

a  Small  amounts  reported. 

Appendix  3. 

Estimates  of  white  pine  standing  in  State  of  Wisconsin,  1895, 


County. 


Ashland  ... 
Barron  *  ... 
Baylield  ... 
Burnelt*... 
Chi|>i)ewa*. 

Clark' 

D(m;rlas.... 
Florence  . . . 

Forest 

Iron 

Lan;ilade... 

Lincoln  

Marathon*. 
Marinette.. 

Oconto  

Oneida 


Feet,B.M. 


400,  000,  000 
Small  amounts. 

i,70a,  000,000 

Small  amounts. 

do 

do 

1,  300,  000,  000 
400,  000,  000 
900, 000,  000 
200,  000,  000 
200, 1 00,  000 
600, 000,  000 

Smjill  amounts 
700, 000,  000 
200,  000,  000 
600, 000, 000 


County. 


Portage*.., 

Price 

Sawyer 

Shawano*. 

Tavlor 

Viias 

Washburn 
Wood* 


Allowance  for  starred  (*)  counties 

Probable  c v.t  ince  1895 

Timber  standing 


Feel,  B.  M. 


Small  amount*. 
400.  000.  000 
500,  000,  000 

Small.imounfs. 
400,  000,  000 
400.  000,  000 
300,  000.  000 

Small  amounts. 


9, 200, 000, 000 
800,  OOO,  000 


10.  000.  000,  000 
2, 000, 000, 000 


8. 000,  000.  OCO 


TotpJ  a.ssessment  vahiation  of  the  counties,  estimated,  for  1895 $21,513,227 

Farui  property,  according  to  census  1895,  1,111,546  acres,  valuation 6, 208, 645 

Balance  assessment  on  woodlands,  round  numbers : 15,000,000 
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Appendix  4. 

Coniferous  tivihe)'  standing  in  Michigan,  1897, 

(Compiled  from  fourteenth  anBual  rei)ort  of  the  State  commissioner  of  labor.] 


County. 


Alcona 

Alger 

Allegan 

Alpena 

Antrim 

Arenac 

Baraga 

Bay 

Benzie 

Berrien 

Calhoun.. 

Cass 

Charlevoix 

Cheboygan 

Chippewa 

Clare 

Crawford 

Delta 

Dickinson 

Emmet 

Genesee 

Gladwin 

Gogebic 

Grand  Traverse. 

Gratiot 

Houghton 

Huron 

Ionia 

Iosco 

Iron 

Isabella 

Kalkaska 

Kent 

Keweenaw 

Lake 

Lapeer 

Leelanau 


Number 
acres  of 
standing 
pine  in 
county. 


835 
595 
940 
440 
000 
021 
780 
540 
225 
160 
800 
369 

30 
750 
430 

20 
700 
,860 
1 
759 
471 
,888 
052 
120 


Number 
acres  of 
standing 
hemlock 
in  county. 


13, 620 

46, 064 

70 

15, 440 

12,  539 

2,677 

117, 000 

9,720 

3,540 

320 


10,  934 

33,  446 

119,  570 

6,880 

1,300 

111,  408 

12, 100 

26, 160 


15,  740 

47,  000 
9,032 


66, 180 
90 


6,  060 
26,  400 

7,680 
21,635 

1,  000 
15,  080 

2,635 
55 

6,900 


County. 


Livingston 

Luce 

Mackinac 

Macomb 

Manistee 

Marquette 

Mason 

Mecosta 

Menominee  ... 

Midland  

Missaukee 

Montcalm 

Montmorency. 

Muskegon 

Newaygo 

Oakland 

Oceana 

Ogemaw 

Ontonagon  

Osceola 

Oscoda 

Otsego  

Ottawa 

I'resqne  Isle  . . 
llosconiinoii... 

Saginaw 

Sanilac 

S(;hooIcraft  ... 
Shiawassee  ... 

St.  Clair 

Tuscola 

Van  Buren 

Wexford 


Total. 


Number 
acres  of 
standing 
pine  in 
county. 


Number 
acres  of 
standing 
hemlock 
in  county. 


4 

000 

563 

5 

527 

690 

912 

10 

19,  890 


912 
120 
780 
355 
665 

20 

73 
750 
280 
120 
706 
266 

20 
086 
920 
103 

10 
367 


700 
105 
20 

,700 


775, 208 


12,  000 
58,  700 


12, 813 
90,006 
4.360 
13,527 
65,090 

720 
21,280 

750 
15.  330 

470 
2.221 


6,437 

6,105 

207, 160 

12, 158 

4,000 

6,965 

1,600 

27,  981 

12,440 


20 
105,  218 


1,420 
i6,'926 


1, 468, 166 


Appendix  5. 
Coniferous  lumber  cut  in  Maine  since  1872, 

KENNEBEC  RIVER  AND  AFFLUENTS. 
[Compiled  from  books  of  log-driving  companies.] 


Year. 

Million  feet 
B.M. 

Year. 

Million  feat 
B.M. 

1872 

153.9 
178.6 
121.1 
124.8 
lf.3.  K 
62.1 
118 
131.4 
141.3 
238.9 
209  1 

1884 

179.2 

1873 

1885                  .             

182.5 

1874 

1880 

214.7 

1875 

1887 

165.4 

1876                   

1888 

213. 4 

1877 

188')                                                       

227  5 

1878                           

1890      

242.1 

1879 

,  1891 

226.  2 

1880                                          

189'>         

224.9 

1881  

;  1893 

271 

1882 

1  1894 

174 

1883 

206.2 

1  1895 

165.7 

WHITE    PINE    TIMBER   SUPPLIES. 

Conifei'ous  lumber  out  in  Maine  since  187£ — Continued. 

PENOBSCOT  RIVER. 
[In  millions  of  feet,  B.  M.    From  books  of  sarveyor^general.] 
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Tear. 

Pine. 

Sprace. 

Hemlock, 
etc.  a 

Total. 

Year. 

Pine. 

Spraoe. 

Hemlock, 
etc.  a 

Total. 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

46.2 
32.6 
24.2 
22.3 
19.6 
14.7 
19.5 
17.9 
17.7 
33.7 
33.4 
26.5 

176.9 
129.3 
135.2 
116.7 
82.1 
85.5 
81.4 
92.0 
91.6 
104.7 
122.5 
115.3 

23.4 
17.3 
17.4 
15.7 
13.4 
17.7 
21.3 
12.7 
14.2 
15.9 
16.2 
19.4 

246.5 
179. 2 
176.8 
154.7 
115.1 
117.9 
122.2 
122.6 
123.5 
154.3 
172.1 
161.2 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

24.7 
30.6 
28.6 
29.1 
30.9 
27.9 
28.3 
23.1 
26.9 
22.4 
25.4 
27.2 

84.4 

94.4 
100.9 
102.7 
114.3 
121.7 
129.5 
118.2 
105.0 

81.4 
117.0 

91.5 

10.2 

17.9 

17.1 

17.8 

19.5 

20.7 

21.3 

23.7 

28.5 

21.4 

19 

25.5 

125.8 
142.8 
146.6 
149.6 
164.7 
170.3 
179.1 
165.0 
160.4 
129.2 
16L4 
144.2 

a  Including  probably  hard  woods. 
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